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FOREWORD 

Something over a year ago the Electric Railway Journal be- 
gan the publication of its monthly ** Mechanical and Engineering 
Numbers." The purpose of these has been to furnish articles 
of a character particularly helpful to the men who are responsible 
for the upkeep of the physical equipment of an electric railway 
property. Overhead line 9onstruction, tracks, buildings, power 
plants, substations, shops and rolling stock and its equipment 
have all been kept in mind. 

Arrangements were made with several specialists in diflferent 
parts of the electric railway field for series of articles covering 
the fundamentals of track, power transmission, car equipment, 
car bodies and power plant operation ; these were in addition to 
numerous articles on details of practice in the several lines men- 
tioned. While all of the series are not yet complete, they have 
proved to date so valuable and comprehensive that the publishers 
of the paper have decided to reprint a number of the articles in 
the several series, particularly for the benefit of those who have 
not had the opportunity to read them month by month. Space 
limitations have prevented the reprinting of the entire groups 
of articles but a careful selection has been made of those which 
seem to have greatest immediate practical value. Readers of 
this volume are referred to the original series in each of the 
fields if further details are desired. 

The authors of the articles reprinted are all qualified by 
practical experience and theoretical study to furnish the kind 
of material desired by the workers in the "practical'' depart- 
ments of the electric railways. For want of a better word the 
term *' practical' ' is used to designate those who have to do with 
physical equipment. Mr. Cram is in daily contact with the way 
and structure problems of the Brooklyn Rapid Transit System 
and had a wide experience before joining the staff of the B. R. T. 
Mr. Harte, construction engineer of the Connecticut Company, 
has particularly to do with new work on a large railway system, 
being especially interested in power transmission problems. 
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He is very active in the standardization work of several technical 
societies. Mr. Litchfield, when he commenced his series on car 
design, was connected with the Interborough Rapid Transit Com- 
pany, New York City, later joining the technical staff of the 
American Car & Foundry Company. He has specialized par- 
ticularly on the structural features of the electric railway car, 
but has had broad experiences in other parts of this field. Mr. 
Smith, now connected with the New England Power Company, 
was until recently head of the Bureau of Tests of the Brooklyn 
Rapid Transit System. Here he had to do with all phases of 
power plant operations in so far as they effected economy and 
reliability. His articles were based particularly upon his test- 
ing experience. Mr. Squier, when he began his series, was an 
engineer with the Public Service Commission of New York 
State, First District ; this commission has jurisdiction in the 
city of Greater New York. Previously he had been connected 
with the mechanical department of the Brooklyn Rapid Transit 
Company and had served on the engineering staff of the General 
Electric Company. He is now a' member of the editorial staff 
of this paper. These brief notes regarding the authors whose 
articles are reprinted in this volume will serve, using a legal 
term, ''to qualify them as experts." Further than this we shall 
let the articles speak for themselves. 

Editors, 
Electric Railway Journal. 
April 20, 1919 
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CHAPTER I 

WHAT THE MAINTENANCE OF WAY DEPARTBIENT 

DOES 

There is no standard book on modern electric railway track 
construction and maintenance to which the young engineer or 
student can refer for information. There are handbooks which 
treat the subject in a rather formal way as a part of the general 
subject of electric railways, but none of them begins to tell the 
whole story. They lack the essential features of co-ordination 
and sufficient elaboration. Similarly, the steam railroad track 
maintenance field was not covered by a book devoted entirely 
to the subject until Willard's work on ** Maintenance of Way 
and Structures'' appeared in 1915. 

The electric railway track, particularly that in streets, is inti- 
mately connected with the nature of rolling stock, vehicular 
traffic and street pavements. It is a fundamental part of the 
railway, and has a vital influence in the operating and mainte- 
nance cost of the road. The location of the tracks, largely in 
streets or highways, is responsible for the principal differences 
between electric railway track and steam railroad track, and 
contributes many details of construction and maintenance ex- 
penses which the steam road escapes. 

The materials, appliances and methods used in electric rail- 
way track maintenance have entered upon a new phase, which 
began about 1908, principally as the result of extraordinary 

replacements required by much trackage reaching its wear limit. 

3 



4 TRACK AND STRUCTURES 

During the life of the electric railway the track has passed 
through a cycle which has attempted to follow the rapid changes 
in type and weight of rolling stock. It began with the light 
electrified horse car running on **tram" or stringer rails in 
cobble pavement. These were succeeded by the double-truck 
car whose weight steadily increased up to 35,000 or 40,000 lb., 
and the rails were changed to deep girder sections on ties in 
rough 8-in. granite or other block pavements. The recent tend- 
ency in rolling stock is in the nature of a return to the light- 
weight car, often of the single-truck type, and the track con- 
struction is returning to rails of less depth and sometimes of 
less weight. The pavement is tending toward the smooth types, 
such as asphalt and other bituminous pavements, 4-in. grouted 
granite, concrete and brick. Along with these changes in roll- 
ing stock and track, the character of vehicles using the streets 
has been changing. The narrow steel-tired wagon wheel of the 
horse-drawn vehicle is being supplanted by the rubber-tired 
motor vehicle, with a consequent lessening of the destructive 
action upon track pavements. 

In company with these developments, much attention has been 
directed toward the materials of construction, and there has been 
a crystallizing force at work in the track-maintenance organiza- 
tions so that they are rapidly approaching quite similar lines of 
endeavor. 

It is believed that the work as now conducted will admit of 
description, and in this attempt to co-ordinate available data an 
effort will be made to set forth the best accepted practice now 
current in that important branch of electric railway engineering 
which has come to be known as maintenance of way and struc- 
tures. Advantage will be taken of the privileges enjoyed in co- 
operation with other maintenance engineers through joint serv- 
ice for several terms as a member of the committee on way 
matters of the American Electric Railway Engineering Associa- 
tion. The Engineering Manual and Proceedings of that associa- 
tion will be drawn upon frequently, as it is responsible in a 
large measure for the standards now existing in electric railway 
engineering practice. 

The similarity which modern interurban and high-speed tracks 
have to steam-road tracks makes the work of the American Rail- 
way Engineering Association particularly valuable to electric 
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railway engineers, and the material from its proceedings as co- 
ordinated in Willard's work on ** Maintenance of Way and 
Structures" will be used as occasion warrants. The valuable 
reports of the Board of Supervising Engineers, Chicago Trac- 
tion, will also be consulted freely, since the reports cover many 
original investigations made in conjunction with the practical 
reconstruction of the entire surface railway system in Chicago, 
now about finished. 

The work of others, and of periodicals, societies and associa- 
tions, will also be credited where credit is due. 

Maintenance of Electric Railway Track Is a Big Task. In 
round numbers there were 50,000 miles of single track operated 
by 1029 electric railway companies in the United States on June 
30, 1917. This mileage is about 12 per cent of the steam-railroad 
mileage as of January, 1918, and is greater by about 9000 miles 
than the entire steam-road mileage of the Dominion of Canada 
in 1914. The electric railway trackage in operation would pro- 
vide a double-track railroad around the earth at the equator. 
About 300,000 people were employed in operating and maintain- 
ing electric railways in the United States in 1917. 

The upkeep of 50,000 miles of electric railway track, about 
60 per cent of which is in densely populated areas within cities 
or towns (which means that this trackage is generally well paved) 
presents a problem worthy of the best engineering talent. The 
work involved is so full of detail as compared With steam-rail- 
road maintenance work, that the force required by the electric 
railways could probably maintain more than twice as much mile- 
age if employed in steam-road service. In common with the 
latter service, the work is termed ** Maintenance of Way and 
Structures" or sometimes simply ** Maintenance of Way.*' Its 
importance is indicated by the records, which show that about 16 
per cent of the total operating expense is on maintenance of 
way and structures. The track is the basis part of an electric 
railway property, and because of its usual location in streets its 
maintenance must require a high order of skill, judgment and 
executive ability, and often considerable diplomacy, particularly 
in dealings with numerous civic authorities. Organization also 
plays a big part in the successful conduct of the work. 

It should be remembered, as Willard has well said, that **two 
important facts should be understood, viz.: (1) The large pro- 
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portion of the operating expense which is expended in track and 
pavement maintenance; (2) the relation existing between the 
kind, location and condition of the track and the economical 
operation and business of the road/' (The italics are the 
writer's.) 

The track, pavement and roadbed represent the greater part 
of the investment in such roads, as a rule, yet the maintenance 
of this part of the property as a branch of engineering has not 
been recognized until recently as being of any particular degree 
of importance. 

In line with steam road history, the work in the past was 
often in the hands of the practical man who had worked up from 
the ranks. In recent years, the necessity for the proper recog- 
nition of the importance of the work has been more and more 
apparent, so that to-day quite a number of roads have cadet 
engineers in training for the work, and we now generally have 
the engineer of maintenance of way replacing the old-time road- 
master or general foreman. 

The tendency of electric railway managements to disregard 
the recommendations of the way department is perhaps not so 
pronounced as it is in steam-road practice. Nevertheless, when 
it seems necessary to reduce expenses the way department is 
generally the first one to receive the axe of retrenchment, and 
usually at a time when the performance of the work could be 
done most economically. 

This is particularly true of the spring season, when much 
work should be completed before the heavy rush of midsummer 
business. The fact that cars must be operated and service main- 
tained, with the necessary maintenance of equipment and opera- 
tion of power plants, makes it plain as to why the way depart- 
ment must suffer first in consequence of any policy of economy. 
Such economies, however, are expensive in the end, as the usual 
result is a heavier proportionate expense later. Combined with 
this are increased expenses in maintenance of equipment, over- 
head line and transportation. These follow because track deteri- 
orates rapidly if not well maintained, and rough track, bad joints 
and poor bonding soon cause excessive damage to equipment, 
extraordinary side wear on trolley wire, increased power con- 
sumption, and even the reduction of car speed in sufficient 
amount to require more cars to operate the line. 
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There is little doubt that the hitherto prevailing time for clos- 
ing the financial year coming in Junie, as it has for a long 
period, has been responsible for the enforcement of retrenchment 
policies during the best part of the working season. However, 
the movement is gaining headway, and has been sanctioned by 
the various regulatory bodies which provides for an agreement 
between the financial year and the calendar year. The effect of 
this change will be appreciated by all having charge of mainte- 
nance-of-way matters. 

It is believed that most managements now realize the impor- 
tance of two basic principles: (1) The need for continued 
minor repairs and renewals to keep the track and pavement up 
to some fixed standard to offset normal wear and tear or depre- 
ciation; and (2) the need for a certain minimum amount of 
reconstruction or extraordinary maintenance to keep up a rea- 
sonable balance between traffic increases and increased loading 
or excessive wear on some portions of the system. 
' Improvements That Are Suggested by the Way Engineer. 
It is clearly the duty of the way engineer to point out to the 
management such improvements in tracks and structures as 
conditions may suggest, and from time to time to make requests 
for appropriations of funds to carry out the work desired. It 
is also his duty to make the best possible use of the moneys as- 
signed for such improvements. He must, in addition, be pre- 
pared to furnish plans and estimates for the various improve- 
ments, additions and betterments which are constantly being 
brought forward by the operating officials. These projects take 
the form of suggestions for double tracking, changes in special 
trackwork for re-routing of cars, construction of additional sid- 
ings and turnouts on single-track roads, and sometimes grade 
reductions and changes in alignment. The betterment and 
changes in bridges and other structures are also items which 
require a great deal of attention, with the view of securing all 
possible economies in maintenance charges. There are many 
municipal and state projects which require the engineer's most 
careful attention because of the necessity for co-operation with 
public authorities in connection with public improvements. It 
is not the purpose of these articles to discuss these improvements, 
except to point out occasionally how neglect of consideration of 
the maintenance point of view, when improvements and con- 
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struction work are being planned, may ultimately provide exces- 
sive charges for maintenance. 

Mainteiiance Never Stops. The construction of an electric 
railway is naturally of first importance, but once the road is 
finished its maintenance begins. The construction period is 
comparatively short, while the maintenance period never ceases 
unless the road is abandoned. Consequently the work of the 
maintenance-of-way department may be said to assume first im- 
portance so soon as the construction department ceases its activ- 
ities. This is particularly true in electric railway work, because 
new construction is and has been almost at a standstill for the 
last five years at least, and what little construction work has 
been done has usually been carried out by the engineer of main- 
tenance of way, acting through a specially assigned construction 
engineer. In times of stress, construction work can be stopped 
entirely for comparatively long periods, but a reasonable amount 
of maintenance must go on so long as the road is in operation. 

In common with steam roads, the proportion of maintenance 
expense to total operating expense is high. This has been as- 
signed to the fact that, like the early steam roads, the electric 
railways were originally built rapidly, and often in undeveloped 
territory. They were also built with the view to cheapness in 
first cost rather than to economy in future maintenance. Fur- 
thermore, quite a long period of time was required for inherent 
defects in early construction to develop, and much trackage was 
built with these inadequate early types as patterns before the 
defects of such types could be determined. There was also a 
long period of constant and rapid increase in car weights and 
traffic, which finally reached the point where the track construc- 
tion was really not strong enough to sustain the loading. Under 
these conditions it is to be expected that the maintenance costs 
would mount to high figures. 

No Common Standard of Track Classification. The steam 
roads have adopted classifications of track construction which 
correspond to certain predetermined amounts of traffic and 
varying numbers of main tracks, and their standards of track 
construction and maintenance are based upon the classifications 
adopted by the American Railway Engineering Association, 
which are as follows: 

Class A Track, — All districts of a railway having more than 
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one main track. Also all single-track districts where the traffic 
equals or exceeds a freight-car mileage of 150,000 per mile per 
year; or a passenger-car mileage of 10,000 per mile per year 
and a maximum passenger-train speed of 50 m.p.h. 

Class B Track. — All single-track districts of a railway where 
the traffic is less than for Class A, and is equal to or exceeds a 
freight-car mileage of 50,000 per mile per year; or a passenger- 
car mileage of 5000 per mile per year and a maximum passen- 
ger-train lipeed of 40 m.p.h. 

Class C Track. — All districts of a railway not meeting the 
traffic requirements of Classes A or B. 

The modem interurban and high-speed electric railway con- 
struction, however, often meets and at times exceeds the require- 
ments of Classes B and C in all respects except freight traffic, 
but there are no standard track classifications of this kind in the 
electric railway field. On the other hand, the electric railway 
is generally found to have only one fixed standard for its new 
construction or reconstruction in any one city or system cover- 
ing a wide variation in traffic and disregarding the number of 
tracks. This applies to the interurban and other high-speed 
electric railways as well. It must not be understood that all the 
electric railway tracks on any one system or in any one city are 
alike. Far from it, because most properties of any considerable 
size are consolidations made up of different types of construc- 
tion, which were perhaps selected by as many managements as 
there were companies. But it will be found that each system 
now has a fixed standard for city track and another for track on 
private way, and the attempt is being made to get the trackage 
rebuilt to only one or two general types for the system. This 
practice has both advantages and disadvantages, but the funda- 
mental principles in back of it are sound, as they are based on 
many economies in materials and labor which accompany the 
use of only one or two standard types of construction. 

What Does Electric Railway l^ack Cost? Electric railway 
track construction costs are subject to many variable conditions 
which will increase or decrease the cost over a wide range. 
There are at least five distinct types of roads, which in turn call 
for as many distinct differences in cost. These types are: (1) 
Urban or city lines; (2) interurban or suburban lines; (3) high- 
speed lines operated by means of third-rail or high voltage d.c. 
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and a.c. overhead trolley wires; (4) elevated railways, and, (5) 
subways. There is also a variation in strictly urban line costs, 
in New York and Washington, for instance, where the very ex- 
pensive underground trolley system of operation is in use. Fur- 
thermore, the variation in character of country traversed and in 
cost of materials and labor in different parts of the country has 
considerable influence on costs. 

Another factor which has a decided effect on the cost of urban 
or city lines is track pavement, which may vary as much as 
$10,000 per mile of track on lines similar in all other construc- 
tion details, but situated in different cities, in one of which the 
paving requirements may call for a more expensive type of 
pavement than in the other. 

In addition to these items, there are the variations in construc- 
tion costs caused by the nature and extent of storage yards, ter- 
minal facilities at fair grounds, ferries, baseball parks and other 
places where large crowds of people congregate, and the impor- 
tant factor of special track work contributes cost variations 
which differ widely. 

It is obvious that there can be no fixed rule governing the 
construction cost of electric railways, but it may be stated in a 
general way that, according to estimates by L. E. Fischer, the 
modem interurban road costs complete anywhere from $26,720 
to $58,650 per mile of track (see Table I), and that the cost of 

TABLE I— SUMMARY OF THE PRIMARY CONSTRUCTION COSTS FOR 
A PROPOSED ELECTRIC RAILWAY (FISCHER) i 

Cost per Mile of Track 

, ' V 

Accounts Minimum Maximum 

1 — Engineering and superintendence $1,000 $2,000 

2— Right-of-way 2,000 4,000 

3 — Other land used in electric railway operations. . . 100 600 

4— Grading 2,500 6,000 

5— Ballast 1,600 4,500 

6— Ties 1,820 2,600 

7 — Rails, rail fastenings and joints 3,700 4,200 

8 — Special work 400 600 

9 — Underground construction .... 

10 — ^Paving .... 

11 — Track laying and surfacing 800 1,200 

12 — Roadway tools 60 50 

1 See article by L. E. Fischer, on "Estimating Operating Expense and 
Cost of Construction," Electric Railway Journal , Sept. 6, 1913, page 387. 
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Cost per Mile of Track 

, * . 

Accounts Minimum Maximum 

13 — Tunnels 

14 — Elevated structures and foundations .... 

15— Bridges, trestles and culverts 2,000 4,000 

16 — Crossing, fences, cattle-guards and signs 500 1,000 

17 — ^Interlocking and other signal apparatus 2,500 

18 — Telegraph and telephone lines 100 500 

19— Poles and fixtures 500 1,500 

20 — Underground conduits • • . . 

21 — Transmission system 500 1,200 

22— Distribution system 1,500 5,000 

23 — Dams, canals and pipe lines .... 

24— Power-plant buildings 600 1,200 

26— Substation buildings 300 500 

26 — General office building 

27 — Shops and carhouses 400 600 

28 — Stations, waiting rooms and miscellaneous build- 
ings 100 200 

29 — Docks and wharves .... 

30— Power-plant equipment 2,000 4,500 

31 — Substation equipment 750 1,500 

32 — Shop equipment 150 300 

33 — Park and resort property 

34 — Cost of road purchased 

35— <)ars 800 2,600 

36 — Locomotives .... 

37— Electric equipment of cars 600 1,600 

38— Other rail equipment 200 500 

39 — ^l^iiscellaneous equipment .... 

40— Law expenses 200 500 

41— Interest 1,000 2,000 

42 — Injuries and damages 100 200 

43— Taxes 50 100 

44 — ^Miscellaneous 500 1,000 

Total $26,720 $58,650 

right-of-way, tracks, bridges, signals and incidental structures, 
other than overhead work, will range from $16,140 to $32,710 
per mile of track (see Tables I and II). These estimated figures 
were for 1913, and were based on an analysis of costs for ten 
interurban roads. 

Tracks on lines located entirely in cities or towns, and requir- 
ing pavement, will range in cost from $20,000 to $45,000 per 
mile of track. The latter figure is taken from actual costs of a 
6-mile extension built in 1917 in a large Eastern city, while the 
former covers a 2-mile construction job done in 1914 in an Ohio 
town. 
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TABLE II— ESTIMATED TRACK AND ROADWAY COSTS OF A PRO- 
POSED ELECTRIC INTERURBAN RAILWAY, BEING A SUMMARY 
OF CERTAIN ESSENTIAL ITEMS TAKEN FROM TABLE I 
WITH 5 PER CENT FOR ENGINEERING ADDED 

Cost per Mile of Track 

Accounts Minimum Maximum 

1 — Engineering and superintendence $770 $1,560 

2— Right of way 2,000 4,000 

3 — Other land used in electric railway operations. . . 100 500 

4— Grading 2,500 6,000 

6— -Ballast 1,500 4,600 

6— Ties 1,820 2,600 

7 — Rails, rail fastenings and joints 3,700 4,200 

8— Special work 400 600 

9 — Underground construction .... 

10 — Paving .... 

11— Track laying and surfacing 800 1,200 

12 — Roadway tools 50 50 

13 — ^Tunnels .... 

14 — Elevated structures and foundations .... 

15— Bridges, trestles and culverts 2,000 4,000 

16 — Crossings, fences, cattle guards and signs 500 1,000 

17 — Interlocking and other signal apparatus 2,500 

$16,140 $32,710 

(Note: Track bonding is omitted because it is classified as a part of the 
distribution system.) From articles by L. B. Fischer, Electric Railway 
Journal, Sept. 6, 1913. 

The construction costs for tracks on high-speed linep, elevated 
roads and subways are usually equal to the costs for first-class 
steam road tracks. 

There is a great deal of money spent on track maintenance for 
which there is no improvement in permanent value. Tracks on 
private way are continually re-surfaced and re-aligned ; rails and 
ties are renewed here and there and joints tightened up. In 
paved tracks, joint and rail repairs are more costly because of 
the incidental removal and restoration of the pavement. It is a 
well-known fact that pavement maintenance represents from 30 
to 40 per cent of the total maintenance cost for tracks in paved 
streets. These details require careful consideration from an 
economic standpoint and it will often be found that large ex- 
penditures on radical improvements will result in great and con- 
tinued economies in maintenance. There should be a constant 
effort to keep the condition of the track up to such a degree of 
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eflBlciency that a proper relation between the track condition and 
car traflSc will be maintained since the deterioration of the 
tracks, if allowed to go too far, will have a marked influence on 
costs of car operation and maintenance of equipment. 

The degree of track efficiency which is desirable is dependent 
to a large degree upon the general condition and age of all the 
trackage and the financial position of the road. It is obvious 
that a road of poor earning power can hardly afford the standard 
of maintenance expense which would obtain upon a road which 
has an ample income. 

Track maintenance costs, like track construction costs, are sub- 
ject to many factors which control the expenditures. As an 
indication of how the cost of maintenance may vary it may be 
stated that an examination ^ of the expense for maintenance of 
way and structures on ten interurban roads in 1913 indicated a 
range of from $800 to $1,000 per mile of track operated. This 
range compares closely with the costs covering the electric rail- 
ways in the State of Connecticut in 1912, as found in the annual 
report of the Connecticut Public Utilities Commission. The cost 
of this item on urban roads will range from $1,000 to $2,000 per 
mile of track operated, being influenced greatly by the amount 
of reconstruction done in any one season, for the reason that the 
greater part of the cost of reconstruction work is really extraor- 
dinary maintenance and is charged to regular maintenance ac- 
counts. These figures are more interesting when it is stated that 
in 1913 it cost, on an average for all main tracks on steam roads, 
about $1,300 per year to maintain 1 mile.^ 

The maintenance expenditure for track and pavement on 100 
miles of modern 7-in. girder rail track in Brooklyn, N. Y., hav- 
ing wood ties and grouted granite pavement on concrete and 
covering tracks from one to ten years old with an average age 
of nearly four years, was found to be $460 per mile per year.^ 

It was also found that the expense for joint maintenance rep- 
resented 52.1 per cent, pavement 34.8 per cent, and corrugation 
12.8 per cent of the total maintenance expenditure. Inciden- 
tally it was noted that about 26 per cent of the pavement ex- 
pense was for repairs to pavement following joint repairs, and 

1 L. E. Fischer, Electric Railway Journal, Sept. 6, 1913. 

2 Willard : "Maintenance of Way and Structures." 

3 See Electric Railway Journal, March 17, 1917. 
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also that 65 per cent of the total expense was confined to 11.4 
per cent of the mileage, having been due mainly to a particular 
type of rail joint. 

It will be apparent from the foregoing figures on maintenance 
costs that the engineer of maintenance of way needs to keep 
closely in touch with the expenditures of his department. 
Through careful analysis of expense and comparison with sim- 
ilar items on other roads as well as comparisons of different parts 
of his own road, he may search out the weak points and take 
steps to overcome them. 



CHAPTER n 

LABOB-SAVINO METHODS IN THE WAT 

DEPABTMENT 

The labor conditions created by the entry of the United States 
into the war have had a strong influence in directing attention 
of way departments to the possibilities for saying labor through 
the extended use of machinery. The use of machinery, up to a 
comparatively short time ago, was gradually increasing, but 
there was still a tendency to hold back expenditures for equip- 
ment. This was largely due to the fear that too much money 
might be tied up in equipment, a great deal of which is limited 
in scope and liable to be idle for long periods, especially in the 
winter season. 

During the past two years, however, it has become evident that 
the main opportunity to overcome labor handicaps lay in the 
direction of labor-saving devices, and such machinery and tools 
now form a part of the way department equipment to an extent 
which would have excited wonder a few years ago. The way 
department yards have taken on an aspect resembling con- 
tractors' yards, and the general result has been that a much 
more businesslike procedure has taken its proper place in the 
scheme of things. 

If there are any doubts as to the advisability of using labor- 
saving machinery to the fullest possible extent they should be 
dispelled by the results obtained from their use by the way 
department in track work in Elmira, N. Y., in 1917, as de- 
scribed by F. H. Hill in the Journal for June 30, 1917. Fur- 
thermore, John A. Beeler in his recent report on the Boston 
Elevated Railway, in commenting on the way department 
methods, says: '*The methods employed are to be commended. 
Labor-saving devices have been introduced extensively and the 
amount of hand work has been reduced wherever possible. This 
has undoubtedly aided in keeping down maintenance costs. The 
use of such devices should be extended wherever possible, espe- 
cially in view of the present shortage of labor.'' 

15 
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With the advent of machinery, it has been necessary also to 
increase the supervision to some extent, because much of it re- 
quires a reasonable amount of attention and care if it is to be 
kept in a condition to give the best service, both in its applica- 
tion to the work and its performance as machinery. 

Oeneral Tendency in Adoption of Equipment. The general 
trend of the interest in special tools and equipment has been 
toward the adoption of improved forms of work cars, such as 
crane cars and automatic dump cars; the increased use of the 
power shovel both for grading and for loading cars; the rapid 
adoption of pneumatic or electric tie-tamping tools; the broad- 
ened scope of the electric arc welders ; the increased use of power 
drills in regular maintenance as well as construction work, and 
the general rearrangement of storage yards, including the instal- 
lation of various forms of labor-saving devices therein. 

Arc Welders Assume Importance in Effecting Economies. 
It is somewhat difficult to indicate just where the greatest sav- 
ings have been effected or to indicate any particular tool or 
device which has been so signally successful as to excite excep- 
tional comment. Yet there can be but little doubt that the use 
of the several forms of arc welders now available has contributed 
a very large share in effecting many economies in men and ma- 
terials. These devices had their origin in the use" of the acety- 
lene flame as first presented to the industry under the name of 
the '* autogenous welding process. *' Since it involved the use 
of rather expensive gases, and its range of use was somewhat 
limited, the process soon gave way to the arc welder, using the 
very convenient power from the overhead wire, until to-day 
there is no road of any size which is without some form of arc 
welding apparatus. With the use of the arc welder came a rapid 
development in its use in connection with the application of a 
simplified form of electrically-welded rail joint. 

The early type of arc welder consisted of an arrangement of 
grid resistances which was effective but costly if the exorbitant 
use of power due to resistance losses was seriously considered. 
This has led to the development of dynamotor or motor-generator 
apparatus which has a greater range of use and is also highly 
efficient electrically, due principally to the absence of energy 
consuming resistance. With it all forms of joint welding, metal- 
lic electro welding, carbon arc metal cutting and electric bond 
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welding may be done, using only 10 per cent of the current 
required by resistor types of apparatus. 

It has been found that with the arc' welder the repair of defec- 
tive rail joints can be done more quickly, with little or no dis- 
turbance to traffic and for about JO per cent of the cost as com- 
pared with the method of cutting out the defective joint and 
installing an insert with two joints, with the incidental destruc- 
tion and restoration of pavement and bonding. 

Orinding Equipment a Necessity Even on New Rail. In con- 
nection with arc welders it is to be noted that their effective use, 
in track work at least, is limited to a certain extent by the ac- 
companying grinding apparatus. The grinding equipment must 
be proportionate to the welding equipment if the full value of 
the work of the former is to be secured. Incidentally the grind- 
ing equipment investment can be minimized and the amount of 
grinding work done can be greatly increased if arrangements 
are made for rapid transportation of grinding apparatus by 
autotruck, so that one grinding machine may follow up from 
two to three welding gangs which may be widely separated. 

Rail-grinding equipment is now a necessity where it was once 
considered a toy, and, aside from the grinding equipment long 
in use by the Lorain Steel Company in its joint work, the need 
for grinding apparatus was not generally recognized until rail 
corrugation began to be troublesome. Another factor which 
ultimately created a field for grinders was the rather late and 
sudden recognition of the fact that all rail joints, no matter 
what their kind, must be ground. There was also a period of 
experimentation in connection with conflicting views over the 
relative merits of the rotary and reciprocating principles. All 
of this delayed the general adoption of grinding apparatus 
until it was finally found that, while each type has its peculiar 
field of usefulness, good results can be had by the use of both 
types. 

Types of Bail Orinders — ^Power Tampers No Longer an Ex- 
periment. Grinding apparatus may be classified into four gen- 
eral type groups, as follows: 1. Rail files (push files), hand 
operated, reciprocating. 2. Rotary grinders, flexible-shaft type. 
3. Rotary grinders, machine-type, mounted on small trucks. 4. 
Reciprocating grinders, machine-type, mounted on small truck 
or special carriage. 
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The rail file, manually operated, served its purpose while labor 
was comparatively cheap and during the period of development 
of machines. Its chief use was for filing or grinding newly 
made joints. The flexible ^af t rotary grinder came into use for 
the same purpose. It is now confined to grinding special track 
work where its peculiar construction has adapted it to this diffi- 
cult field. It is a costly piece of apparatus to maintain, due to 
the abnormal failures of the shafting, and a new grinder has 
recently been developed for the same work which is far less 
expensive to maintain and less liable to cause injury to the 
workmen. This machine was illustrated in the Electric Railway 
Journal for May 26, 1917. 

The larger machine types of rotary and reciprocating grinders 
and their uses are so generally familiar that they need not be 
described more fully. It suffices to say that both types are 
effective and efficient and that in general at least one machine of 
each type may be used advantageously on almost any property. 
In fact some classes of grinding work can be done best by the 
use of both, the one supplementing the other. 

Incident to the use of grinding machines is the material com- 
posing the grinding wheels or blocks. All of this apparatus 
except the push files (which require a form of special steel bas- 
tard file) consume large stocks of abrasive material, and in con- 
sequence the selection of this stock needs careful attention, with 
the view to securing the most durable and effective material 
obtainable. 

Tie tamping has been a bugbear with everyone who has had 
anything to do with track work. The time-honored custom of 
tamping by hand, with the tendency of the men to either '*go to 
sleep'' on each tie or else to skimp the work when pressed to 
wake up and cover ground, has at last given way to machinery. 
The mechanical tie-tamping devices now on the market came to 
the front just in time to be of great assistance at a time of ex- 
treme labor shortage. No longer an experiment, the pneumatic 
and electric tie tampers have become a part of the equipment 
of many way departments almost over night. The pneumatic 
type has had the greater development and is in more general use, 
but there are certain points in favor of the electric type which 
have great merit, principally the feature of availability of power, 
and if the electric machine can be made to overcome some pres- 
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ent disadvantage it may ultimately supplant the pneumatic 
apparatus. 

The pneumatic tampers have produced savings that are re- 
markable. Tamping can be done mechanically for half the cost 
of manual tamping. The proportionate saving in men, however, 
is even greater, and this is a particular advantage, as the much 
smaller force required is also of a higher grade. The number of 
men required for mechanical tamping is only 30 per cent of the 
number required for hand tamping. In addition the tamping 
itself is far superior to the best hand labor. 

Power Drilling Machines Save 76 Per Cent Over Hand Drill- 
ing. Rail drilling is another field where mechanical means have 
been resorted to with beneficial results in labor saving. That 
old-time standby, the ratchet drill, has been displaced almost 
entirely by the electric power drill, except for emergency use 
and for certain classes of repair work. It has been found that 
the power drill will cut the cost of track work in its sphere at 
least 75 per cent over hand methods. By cutting down the num- 
ber engaged on drilling the power drill has also released a large 
number of men for other work. Incidentally there is a saving 
in drill bits and cost of sharpening due to the uniformity of 
working conditions created by the use of the power machine. In 
hand work with ratchets there is apt to be distortion in position 
of bits and other parts created by careless handling which lead to 
rapid breakage of bits. 

In connection with power drilling it should be noted that there 
is a new type of power-operated ratchet drilling device which is 
available for use wherever pneumatic tools are used in track 
work. This device has the compactness of the hand-operated 
ratchet and is available for use in cramped space at joint repairs 
when the electric drilling devices cannot be used without de- 
struction of a considerable area of pavement to make room in 
which the apparatus can work. 

Regardless of the nature of the drilling device, the drill bits 
receive very rough treatment, and the high carbon steel rails in 
general use are particularly difficult to drill even with the high- 
est grade of special tool-steel drill bits. At this point the special 
tool-grinding machinery of the portable type comes into service. 
By means of special tool holders, any type of bit can be resharp- 
ened by the average laborer and the bits will do better work 
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than if sharpened by the average machinist at a shop. There is 
no lost time waiting for fresh bits and a smaller stock can be 
carried, which is an item of moment when the present very high 
cost of drill bits is considered. Special tool-sharpening devices 
of this character are now considered indispensable on jobs where 
more than a few holes are to be drilled, and they should be in 
every gang tool box. 

Power Shovels for 60 Per Cent Economy. The electric shovel 
has also come into quite a general use as a labor-saving device, 
and consideration should be given to its use at every point where 
the controlling conditions will permit. It is invaluable when it 
can be employed for breaking up concrete, in excavating and 
grading on extension work, and in reconstruction work where 
the street widths will permit. In the latter situation it can best 
be used when there is room for the installation of a temporary 
third track. These shovels have been known to save their cost 
in doing two miles of track work. Under favorable circum- 
stances they will reduce the cost of excavating by 66% per cent, 
and cut the cost of teams 50 per cent, which latter is a very great 
advantage at this time, when teams are not only high in cost but 
also difficult to get at any price. 

The Pavement Plow as a Man Saver — Specialized Work Cars 
Beat Junk. Another labor and time-saving device is the pave- 
ment plow, the use of which has greatly extended in the past 
two years. As an ai^ in the removal of block pavements of all 
types and with all kinds of paving joint fillers it has proven its 
worth as a labor saver. This device will do as much work of 
the most difficult kind, in an hour or less, as five men can do in 
three nine-hour days and for less than 25 per cent of the man- 
ual labor cost. The need for men is so great that the saving in 
man-energy alone would make the device worth while even if 
the costs were the same. 

An active interest has been created in the improvement of 
work cars for handling materials and the shortage of men has 
done more than anything else to direct attention toward the 
need for reduction in men used in this branch of the work. 
Until recently most bulky material, such as paving blocks, sand, 
gravel and crushed stone, were handled by men, who loaded the 
material onto ordinary flat cars at the yards and unloaded it 
again at the job. Sometimes the men were transported with the 
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load, where there were none available at the point of unloading. 
From eight to ten men are usually required for this sort of work. 

There was a time, not long ago, when any old collection of 
junk on wheels was considered good enough for a work car. In 
that day the way engineer who asked for specially designed 
work-car equipment was apt to be considered somewhat crazy. 
The development of the automatic side-dumping car has changed 
all this, much to the advantage of the companies. It is now pos- 
sible to unload a S-cai' train of automatic dump cars with one 
man, where six or eight were formerly required by such cars. 
The whole trainload can be dumped in from 3 to 5 min. where 
it formerly required about 20 to 30 minutes per car. Such 
equipment has further advantages in the saving of time of the 
equipment on the road, in lessening of tie-up of passenger car 
traffic while unloading between cars under regular service con- 
ditions, and in availability for use in general revenue freight 
service in hauling material for highway contrisictors as well as 
in the railway coal service. 

It has been authoritatively stated that automatic dump-car 
equipment has saved as much as 30 cents per foot in the cost of 
track work in a large city in the Central West. The locomotive 
crane and the pillar crane, mounted upon cars, have taken an 
important place in the list of labor-saving equipment. When 
especially designed for electric railway work they are of par- 
ticular value in handling special-work installations, in loading 
and unloading rails upon the street, and in the general work of 
handling materials. As an indication of the savings which may 
be accomplished through use of derrick cars the table below is 
reprinted from the Electric Railumy Journal for Dec. 23, 1916 : 

SAVING EFFECTED IN FOUR YEARS BY USE OF 3-TON PILLAR 
CRANE CAR ON ELECTRIC RAILWAY SYSTEM 

Cost of Handling 

. * , 

Without With Total 

Crane Crane Saving 

4000 tons miscellaneous $1.00 $0.25 $3,000.00 

3324 tons load on cars 76 .20 1,828.20 

3324 tons to yard 1.00 .26 2,493.00 

6340 tons unloaded 60 .20 1,902.00 

6340 tons to job 75 .25 3,170.00 

$12,393.20 
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Coat of crane car, ready to run $7^000 

Depreciation 5 per cent, four years 1,400 

Interest 5 per cent, four years 1,400 

Upkeep 2% per cent, four years 700 

$3,500.00 
Net saving four years, one car $8,893.20 

In connection with the subject of dumping cars it may be 
well to call attention to a phase of the work of handling mate- 
rials where there is room for the development of mechanical 
means which will save a great deal of labor. We have refer- 
ence to the need for some form of power loading device which 
can be used in the confined areas of narrow city streets, along- 
side track trenches, for the purpose of placing the excavated 
materials upon the cars, thus lessening the amount of manual 
labor which is still employed for this purpose. Both grab 
buckets with cranes and electric shovels may be used to a limited 
extent in this way, but street conditions more often prevent this. 

The subject is being studied in several quarters and there is 
no doubt that once the attention of manufacturers of several 
types of ailtomatic loading devices now used extensively in coal 
yards for loading coal from the piles into wagons is called into 
active consideration of the field waiting for development we may 
expect to see a satisfactory solution of the problem. 

Air Drills and Skull-Crackers for Concrete. In removing old 
track prior to reconstruction it is often necessary to remove a 
concrete paving base. Several methods have been adopted re- 
cently to do this work mechanically in order to replace the old 
method of digging jack holes, raising the track and breaking 
down the concrete with heavy mauls. This method is tedious, 
requires a great many men and is liable to cause serious dis- 
turbance to adjacent concrete under roadway pavement which is 
to be left in place. Such disturbances lead to excess cost of 
concrete for the new track because of the necessity for breaking 
out and replacing shattered concrete. 

In this field there have been two developments, each of which 
is effective in saving of labor. One is the use of air drills in 
connection with compressor apparatus available for operation of 
tie tampers. With four air drills a gang of six men can remove 
as much of the hardest kind of track concrete in a day as a gang 
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of fifteen men can accomplish manually, using heavy bull 
punches, jacks and mauls. 

Another method is to utilize the so-called ** skull cracker," 
which is a heavy casting weighing about a ton, attached to simple 
derrick, moving on the track and so rigged with a release trig- 
ger as to drop the casting from a height of about 12 ft. onto the 
concrete. It has been reported that this comparatively simple 
device has effected a saving of from 15 to 20 cents per foot of 
single track in labor cost of this work. The *' skull cracker" is 
moderate in first cost and is available in many cases where there 
is no air equipment suitable for operating air drills. 

Concrete Btixing Machinery Will Save Its Cost Many Times 
Over. There has been a rapid development in the application of 
machinery to mixing concrete and cement grout for track pave- 
ment work. This has been assisted, particularly in the case of 
mixers, by the change in opinion as to the practicability of ma- 
chine mixing compared with hand mixing. There are at least 
two mechanical grout mixers now on the market which are ac- 
ceptable to highway engineers. In fact, one of these had the 
advantage of being developed by its manufacturer under the 
direction of a board of experienced highway engineers with 
gratifying results. It is now possible with the mechanical mixer 
not only to save materials and secure a high uniformity of mix- 
ture, but also to save from 3 to 5 cents (42 to 70 per cent) per 
square yard in the labor cost of mixing. In addition a mechani- 
cal grout mixer will follow up and complete the grouting of all 
the pavement which can be laid in a track job in any one day 
under ordinary conditions. The advantages in completing the 
grouting so quickly are apparent. 

In the concrete-mixing field the development has branched in 
three directions: (1) In the increasing use of the moderate- 
sized batch mixer; (2) in the adoption of very large-sized batch 
mixers with self-loading hoppers, mounted upon trucks and self- 
propelling, generally upon the track and sometimes on the road- 
way surface alongside, and (3) in the assembling of complete 
and rather complicated mixing plants upon a train of two or 
more cars. 

Each of these methods has its field and has proved very suc- 
cessful. For all round use, particularly because of its mobility, 
the small batch mixer operated by a gasolene engine may be 
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considered the most serviceable, especially in view of the fact 
that the cost of this machine is very moderate. 

The larger, self-propelled mixers are more for use on very 
large jobs where a large volume of concrete must be produced 
rapidly. It has been observed that one, or at the most two, of 
these machines will serve very extensive reconstruction pro- 
grams on systems of the greatest size, and the output of such 
machines by the mixer manufacturers for railway customers has 
so far been somewhat limited. To some extent this restriction 
may be due to the prevailing custom on many systems of letting 
the track-paving work out to contractors who usually have the 
paving work for the city. This is often being done in conjunc- 
tion with the railroad track work. 

The special concrete mixing plant mounted on trains of cars 
has been used in but few instances and interest in this type of 
plant has been revived by the action of the Denver Tramway 
Company in selecting it for that property, as described in the 
Electric Bailwwy Journal for Oct. 6, 1917. The particular ad- 
vantage claimed for this equipment is in the elimination of the 
storage of any concreting materials on the street. This does 
away with a large amount of labor required for handling, obvi- 
ates complaints from property owners fronting the work and 
tends to preserve the cement from theft and from damage by 
the elements. 

From the foregoing it will be observed that the railways are 
alive to the fact that concrete mixing machinery, when properly 
selected, will save its cost many times over, and there is no 
reason why every property should not take advantage of some 
one of the several types of apparatus which are available. 

Kerosene Torches and Asphalt Surface Heaters. During the 
winter season there is a great amount of labor expended in keep- 
ing switches, switch-operating mechanisms and interlocking free 
of snow and ice. In this work the kerosene torch has come into 
use and it has been found that one man equipped with such a 
torch will displace from three to five men and do better work. 
These torches have other uses which make them serviceable the 
year round. They are indispensable in connection with the 
work of resetting hard-center plates in special track work. 

Where there is a considerable amount of asphalt pavement in 
tracks the asphalt surface heater or burner is effecting large 
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economies in men and materials. It consists of a set of five or 
more burners using kerosene and arranged on a carriage which 
also has a sheet-iron hood, about 4 or 5 ft. square, over the 
burners. The burners and hood are very close to the pavement 
surface, so that the heat is concentrated and the flames are pro- 
tected from the wind. These heaters are used to soften the 
asphalt surface where it is desired to fill up worn areas which 
have not exposed the concrete. By their use the cutting out of 
much good surface material is avoided, as it is only necessary to 
add more material on top of the old material, after suflScient 
heating, and to finish the surface by rolling or tamping. Spe- 
cially shaped hoods and heaters have been devised for use in 
repairing narrow ruts in asphalt along the rails, and by their 
use a saving of 50 cents per square yard of pavement surface 
has been effected. 

These heaters have also been used to great advantage in heat- 
ing cobble and block pavement in extreme cold weather prepara- 
tory to its removal for emergency track repairs, and have made 
possible the making of repairs in three or four hours* time which 
would have otherwise consumed a day. 

Methods of Cutting Asphalt Surface. It is often necessary 
to remove sheet asphalt entire for new track construction or for 
reconstruction. There have been at least three recent improve- 
ments in methods of doing this work which have been described 
in these columns. Each of them does away with the onerous 
and expensive method of cutting manually with the asphalt mat- 
tox. One method involves the use of a special cutting tool de- 
signed to operate with the air-operated tie tamping machine, as 
described in the Journal for June 30, 1917. Another utilizes an 
ingenious arrangement of a cutting wheel mounted in outrigger 
fashion upon a work car (see Electric Railway Journal for Jan. 
20, 1916). 

Still another plan involves the use of a tee-iron with a cutting 
edge laid upon the surface and made to cut by operating a small 
road roller over it. (See Electric Eailway Journal for July 7, 
1917.) Again, the work has been accomplished by mounting 
special cutting edges completely around the circumference of 
the rear roller of a small tandem road roller and running the 
roller over the area to be cut. 

Each scheme has a good deal of merit, and any one of them 
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will be found clearly in the labor-saving class. For instance, 
the air-operated cutting device is reported as having worked at 
the rate of 47 feet per hour. It would take one laborer several 
hours to do the same work manually. 

The oxy-acetylene cutting flame or torch has proved to be 
effective s& a time and labor-saving device. It is now used ex- 
tensively in the work of removing old rails, replacing the chisel 
and sledge in cutting bolts at joints and replacing hack saws for 
cutting rails into short lengths prior to loading on cars. It is 
also of great service for cutting the ends of frog arms and other 
special work made of manganese steel, which is almost impos- 
sible to cut by any other method. There are many other uses 
to which this tool may be put, and these illustrations serve to 
call attention to a piece of apparatus which is almost indispen- 
sable as a part of the labor-saving equipment of the way depart- 
ment. 

There has been a great deal of interest during the past year 
in connection with the possibilities for labor saving which are 
presented in the storage yard of the way department. Until a 
short time ago most yards consisted of a lot of nondescript tracks 
with partly worn-out rail and special work and a number of 
cheaply constructed gin poles or stiff-leg derricks scattered about 
largely at random, and with comparatively few installations of 
modem types of traveling cranes, derricks and other equipment 
of adequate design. This was perhaps the result of spasmodic 
growth from small beginnings, which prevented the considera- 
tion of the subject from an economical viewpoint. A great many 
yards have not been located to the best advantage with respect 
to the radius or center of distribution in combination with the 
sources of original supply. 

The labor shortage has led to a renewed consideration of the 
whole subject, and a number of articles bearing on the matter 
were published in this paper in the early part of 1917 which 
brought out a good deal in the description of the important yard 
improvements made at Cleveland and at Denver, where two quite 
distinct methods of handling materials and types of yard lay- 
outs were compared. The Cleveland installation was described 
in the Journal for Feb. 24, 1917, while the Denver plant was 
the subject of an article in the issue for Oct. 27, 1917. 

These two articles in particular served to emphasize the im- 



TRACK AND STRUCTURES 27 

portance which the storage yard itself, its location and its han- 
dling problem have assumed. At the same time they presented 
definite facts which indicated the large saving in labor which 
must always result from a concerted effort to improve conditions 
in this quarter. 

This is well illustrated by the statement made in the Denver 
article, in which it is stated that with the new yard layout three 
men can handle as much material as fifteen could handle in the 
old yard. At Cleveland one item of unloading a car of granite, 
for instance, showed a 25 per cent reduction in labor cost. 

While it is quite clear that no one best way will be found to 
handle materials most economically on all properties there is no 
doubt but that the locomotive crane has been found to be one 
of the most useful pieces of apparatus for this sort of work, 
suitable alike to large and small yards and having other uses 
out on the road which make it a profitable investment. 



CHAPTER m 

HOW WAT ENGINEESS RATE LAB0R4SAVING APPLI- 
ANCES FOR USE DT TRACK WORK 

In order to permit the compilation of the experience of way 
engineers on the subject of track tools and other appliances, the 
editors of the Electric Railway Journal asked a number of them 
to telegraph or write briefly their answers to the following 
questions : 

1. What piece of special machinery' or special tool has been 
the greatest labor saver on your property or properties in way 
department work? 

2. What is *the order of merit as labor savers of the following 
tools or devices: Arc welder, power drill, electric shovel, air 
tamper, concrete mixer, crane car, automatic dump car, pave- 
ment plow, concrete breaker, stone crusher, acetylene cutting 
flame! 

Telegrams and letters were received from a number of com- 
panies and these are summarized as follows: 

From J. M. Lamed, engineer maintenance of way, Pittsburgh (Pa.) 
Railways: 

In r^ard to the relative importance of different pieees of track 
equipment, I would arrange them as follows: Question 1 — Crane 
car. Question 2 — Arrange in this order: crane ear, deetrie shovel, air 
tamper, concrete mixer, stone crusher, dump car, are wdder, rail 
grinder, ballast spreader, track dnll, acetylene torch. 

From A. £. Harvey, engineer maintenance of way, Kansas City (Mo.) 
Railways: 

All things considered I beheve that our crane car has saved us more 
in labor than any other one piece of equipment, but I bdieve that there 
are several other kinds of equipment that are just as necessary to the 
accomplishment of the work in an economical manner. As to the sec- 
ond question I do not believe that a fair comparison can be made as to 
the relative economic value of the devices mentioned, as each is suited 
to its particular kind of work. Where such work predominates the 
machine that is fitted for it takes precedence in an economic sense over 
aU other equipment. AU of the devices are such great labor savers 
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that where there is any considerable quantity of work to be done to 
which they are adapted they are just as essential to the proper handling 
and economical conduct of the work as are the most common hand 
tools. They should, therefore, not be considered as special tools but 
just as necessary a part of the outfit as a pick or shovel. 

From W. R. Dunham, Jr., engineer maintenance of way, Connecticut 
Company, New Haven, Conn.: 

The crane car has been the greatest labor saver on this property. In 
order of importance the devices listed in the second question might be 
arranged as follows: Crane car, arc welder, air tamper, power drill, 
electric shovel. 

From H. M. Steward, chief engineer Boston (Mass.) Elevated Railway: 

In answer to your request would state that the arc welding outfit 
seems to be the most useful apparatus. I should arrange in the follow- 
ing order the list given in question 2 : Arc welder, crane car, power 
drill, air tamper, automatic dump car, electric shovel, concrete mixer, 
pavement plow, concrete breaker, acetylene cutting flame. 

From J. P. Ripley, railway engineer J. G. White Management Cor- 
poration : 

Taking all in all it is my opinion that the electric welding machine 
has been the greatest labor saver in the track department. It saves 
materials as well as labor. Instead of renewing a frog, for instance, 
the points can be rebuilt by welding. Your second question is difficult 
for us to answer because conditions vary on our different properties. 
We think the welding machine comes first and a concrete mixer is con- 
sidered generally a necessity and might come second, and the same is 
true of the power drill. 

We have not as yet given the pavement plow a trial and usually pur- 
chase stone already crushed for ballast. We have not tried the elec- 
tric shovel or the air tamper but believe the latter at least has great 
possibilities. 

From E. A. West, chief engineer Denver (Col.) Tramway: 

Answering question 1, I should put arc welders first. I should ar- 
p-ange the equipment in question 2 in the following manner: Arc 
welder, acetylene cutting flame, air tamper, crane car, concrete mixer, 
portable stone crusher. 

From Ford, Bacon & Davis, New York City, for several properties op- 
erated : 
Ithaca {N. Y.) Traction Corporation — The rotary sweeper for re- 
moving snow has been the greatest labor saver. 
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Central New York Sauihem Bailroad, Ithaca, N. T. — The acetylene 
welding torch is the most aaef nl device. 

Lackawanma dt Wyoming Valley Railroad — This company operates 
under steam road conditions and as the questions pertain ahnoet ex- 
elcisiTely to street work no answers of yalne can be given. The com- 
pany understands, however, that the air-tamping devices are being 
nsed on steam roads with good resolts. 

Empire State Railroad Corporation — ^The acetylene catting flame is 
considered by this company to be the most efficient of aU the labor- 
saving devices listed. 

United Railroads of San Francisco — The crane car has been the 
greatest labor saver in our way department. We would arrange the 
list in qaestion 2 as follows: Crane car, air tamper, automatic dump 
ear, pavement plow, electric shovel, power drill, are welder, concrete 
breaker, acetylene cutter, portable stone crusher. We are now order- 
ing a concrete mixer which we hope to rank about fourth in the above 
list. 

From C. G. Keen, engineer way and structure, American Railways 
Company, Philadelphia, Pa.: 

As you know I am not in close enough touch with actual operating 
conditions to reply in respect to the labor-saving features of the tools 
mentioned. In respect to their values in maintenance work, however, 
I would place the arc welder in connection with the grinding machine 
easily first in importance. 

From F. H. Hill, general manager Elmira Water, Light & Railroad 
Company, Elmira, N. Y.: 

Replying to your inquiry I should place the pneumatic tie tamper at 
head of the list as the greatest labor saver in construction work. As 
to the list in your second question I should arrange the order as fol- 
lows: The air tamper, arc welder and acetylene cutting flame are all 
indispensable. Power shovel and concrete mixer are necessities on 
construction work of any appreciable size. We do not have the other 
devices listed. A rail grinder in connection with a welder certainly 
prolongs life of track and equipment. 

From Charles H. Clark, engineer maintenance of way, Cleveland (Ohio) 
Railway : 

On this property we are agreed that the pavement plow is the great- 
est labor-saving device that we have. It not only saves a large amount 
of labor but accelerates the work. To arrange the tools in your second 
question in order of merit is a rather hard proposition, for some tools 
are dependent upon others for their efficiency. However, this order 
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may be suggestive: Pavement plow, crane, automatic dump car, con- 
crete breaker, concrete mixer, acetylene catting frame, electric shovel, 
power drill, air tamper, arc welder, stone crusher. An explanation is 
Clue in connection with this list. All of the devices are labor savers. 
A stone crusher is not necessarily a labor-saving device, it might more 
properly be called an economical machine. One might not need an 
acetylene torch but it will cut rails faster than twenty men can do. An 
electric shovel might be a poor adjunct unless there were sufficient work 
for it. We find use for two shovels. The arc welder is a necessity. 

Summary. The answers to question 1 indicate that, as far 
as this questionnaire is concerned, the crane car leads and the 
arc welding apparatus is a close second. The acetylene torch 
comes next, and there is honorable mention for the pavement 
plow and the pneumatic tamper. 

A summary of the answers to question 2, weighing each in 
accordance with the number of votes, gives the following as the 
order of preference: 1 — crane car; 2 — air tamper; 3 — arc 
welder; 4 — automatic dump car; 5 — concrete mixer; 6 — ^pave- 
ment plow; 7 — electric shovel; 8 — power drill; 9 — acetylene 
torch; 10 — rail grinder; 11 — stone crusher; 12 — ^ballast spreafler. 

It would be unscientific to conclude that this list is at all con- 
clusive — ^first, because only a few excellent devices were listed; 
second, because the canvass was only partial. The list, how- 
ever, is suggestive, and will be useful in directing attention to 
the fact that way engineers appreciate the value of tools. 



CHAPTER IV 

SELECTING AND CARING FOR HAND TOOLS USED 

BT WAT DEPARTMENT 

The constant effort which is being made to eflfect economies 
in track maintenance work has caused a searching inquiry to be 
made into many divisions of the work which in normal times 
have been subjected to rather superficial and desultory consid- 
eration. The subject of small hand tools used by the way de- 
partment may be placed in this class. 

Poor Tools Cause Waste of High-Priced Labor. Ordinarily 
one would not think it worth while to pay much attention to 
such matters as tool sharpening, control of supply of tools, over- 
stocking, extra handling and cost of tool supply service. We 
have all known in a general way that we are. using a great many 
hacksaw blades, or that our picks seem constantly to be on the 
way to or from the blacksmith shop, but we have not been re- 
quired to economize because of a lack of an adequate supply of 
new tools at reasonable prices. Wartime prices for tools and 
supplies have put these articles upon a higher plane and we are 
beginning to realize how essential they are. It is brought home 
to us that we cannot do without the pick and shovel, or the lin- 
ing bar and spiking maul any more than we can dispense with 
the men who use them. Consequently the fact becomes evident 
that it is the very antithesis of economy to pay high prices for 
labor and then equip it with poor tools. On the contrary, the 
tools and their condition should receive expert attention with the 
object of seeing that they are in every way fit to assist in get- 
ting full value from the laborers who use them. This point is 
emphasized by statistics which indicate that more than 60 per 
cent of the cost of track or maintenance work is spent in pay- 
rolls, for labor, and nearly all the time is spent in using tools. 

There are also numerous small supplies which are in common 
use, the consumption of which during a year's work is astonish- 
ingly large in quantity. A casual examination of the list of 
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such small things as sandpaper, emery cloth, hacksaw blades, 
folding rules, lantern and lantern globes, kerosene oil and red 
flags, which have been used by the average track department in 
a season, will be an eye-opener to anyone who has not paid much 
attention to details in this regard. 

Before considering either tools or supplies further it will be 
of interest to inquire into the practice as to the issuing of tools 
and accounting therefor. ; In the first place, there should be uni- 
formity in practice and the entire procedure should be carefully 
outlined. Comparatively simple record systems should be used 
•which will cover the progress of all tools and supplies from the 
storeroom to the tool box, and thence by monthly checking of 
the latter until the tools are returned for sharpening or replace- 
ment due to loss or breakage and until supplies are exhausted. 

Each foreman should be made responsible for the economical 
use of tools and supplies and for all loss, breakage and misuse. 
Any extraordinary consumption of tools or supplies, or reported 
breakage of certain tools, should receive prompt attention with 
the view of determining whether the consumption may be due 
not to wear or extra work but to theft or misuse. Continued 
breakages may mean poor quality of material. Extra large re- 
turns of tools for sharpening, particularly from a gang confined 
to one class of work where use to which tools are put is uniform, 
should be a cause for study as to whether the blacksmith work 
is being done poorly. 

Each foreman should be required to report once a month on 
the contents of his tool box. The report should be on a printed 
form of the simplest character upon which are listed all the 
standard tools, with space for the few odd, little-used tools which 
are occasionally supplied. Such a form of tool report is shown 
in Fig. 1-A. ; 

On large city systems it has beeti found advisable to employ a 
tool foreman, one of whose duties is to check up the contents o^ 
tool boxes at least once a month. When such a man is employed 
the form of tool record shown in Fig. 1-B has been found useful. 
In addition to this form the one shown in Fig. 1-D is used to make 
a record of delivery for tools and supplies which are handled 
and consumed in large quantities during each month of a busy 
season. A similar form is used to make a record of tools picked 
up by tool cars. These forms serve to protect the foreman and 
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the motormeu and chauffeurs who make the deliveries and col- 
lections. 

A Simple Order System Prevents Loss of Tools. It is not 
generally good practice to permit foremen to order tools directly, 
except in case of emergency. They should make their wants 




known to the roadmaster or supervisor, and no tools should be 
given out except on proper storeroom order signed by persons 
authorized to sign orders. A form of storeroom order used for 
this purpose is shown in Fig. 1-C. When foremen sign they are 
usually shop foremen authorized to do so. Also, some roads 
make a rule that no new tool shall be given out unless an old 



TRACK AND STRUCTURES 35 

tool of like character be returned. This simple rule makes it 
necessary to account for losses where the old tool is not avail- 
able for return and tends to create more careful use and to 
insure return of tools to the tool box at night. 

The tool foreman occupies a position of considerable impor- 
tance. Besides his duty in checking up tool boxes he generally 
handles the tool requisitions and secures the tools and supplies 
from the storeroom, sending them out to the various groups 
either by the regular tool-car service or by auto truck. The 
proper routing of a tool supply car or truck is no mean task. 
He also keeps a watch on the tool and supply stock in the store- 
room, keeping his superior advised of conditions of stock so 
that it may be replenished in time to prevent delays to the 
work. 

On moderate sized roads and those having widely separated 
divisions, the roadmaster generally performs many of the duties 
of the tool man, acting in direct conjunction with the store- 
keeper. In such cases tools are usually sent to the job and 
picked up by regular work cars when making other deliveries. 

It is almost imperative that all tools be marked by stamping 
or branding with some form of distinguishing mark such as the 
name of the company and the department. Such markings 
should be done in a manner which will render their removal as 
diflScult as possible, as they serve to prevent theft and inter- 
change with tools of contractors who may have gangs working 
near truck gangs. For instance, the marking of shovels is of 
particular importance in some cities where the contractors' cus- 
tom still prevails of requiring the laborer to provide his own 
shovel. 

The number of different tools used in track work alone is quite 
large, as will be seen from a glance at those listed for an ordi- 
nary tool box in Fig. 1-B. This list contains eighty different 
items. Besides special tools not listed there are also the several 
special tools used by pavers, bonders, special-work repair men, 
blacksmiths, grinder men and bridge men. 

There are at least eighteen distinct tools in regular use by a 
blacksmith, not including his anvil, forge, water keg and several 
types of tongs for handling the hot metal. The blacksmith, by 
the way, is a very important individual in any track organiza- 
tion, not only because of his work in joint repair and prepara- 
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tion of compromise joints in the field but also because of his use- 
fulness in the repair of tools. 

The work of special-work repairmen calls for several special 
tools, particularly chipping tools for use in resetting hard cen- 
ters. These are shown in Fig. 2. In addition to these the hard- 
center gang uses a special torch for heating babbitt or spelter to 
permit removal of centers, and another for heating these metals 
preparatory to pouring them around the centers. 

Lists of the general run of track tools are given in the gang 
tool records shown in Fig. 1-B. Each gang should have a com- 
plete outfit of standard tools in suflScient number to supply 
every man in the gang. Extra tools and parts are also required 
to take the places of those which break or which must be sent 
to the shop for repair. Where the gangs are in cities, close to 
sources of supply, but a few extra tools need be carried, as those 
needing replacement can usually be exchanged quite readily. 
The section gang which is liable to be a long way from supplies 
naturally needs to have some extra tools to fill in until replace- 
ments can be made. 

The equipment of gangs will vary considerably, depending 
upon the size of the gang, upon the general nature of the work, 
and upon whether the gang is a section gang employed upon T- 
rail only or whether it may be employed on girder rail in paved 
streets. 

Special Tools Need Special Handling. The list of tools given 
in Table I is indicative of the average equipment for city gangs 
of (1) sixty men on construction work; (2) of ten men on repair 
work; (3) of sixteen to eighteen men on special work; and (4) 
of six men on section work on T-rail track. The list covers cer- 
tain conditions and will be varied by roadmasters more or less in 
accord with local practice. For instance, roads having several 
divisions will be found to have at least one electric track drill as 
a part of each roadmaster's tool equipment. On the other hand, 
some large city systems prefer to control these machines from 
headquarters, sending them from gang to gang as occasion war- 
rants, usually by auto trucks. Again, snow shovels are kept at 
headquarters and distributed only in the winter season. Even 
then but few gangs carry more than a half-dozen or so because 
it is necessary to provide hundreds of them during big snow- 
storms when gangs are rapidly increased for such emergencies 
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and large numbers of shovels can best be stored and distributed 
from headquarters. 

It is not the custom to provide all gangs with rail benders or 
jim crows. These are usually kept at headquarters and sent out, 
as needed, by the roadmaster. Exception is made at times to 
this rule for particular special-work gangs and section gangs 
which have to cover a large yard of T-rail track. Where a sec- 
tion gang has rock cuts on its portion of the line, slides are liable 
to occur. Such a gang must have rock drills, striking hammers, 
powder and fuse for emergency use. 

Small Tool Standardization Has Several Advantages. The 
importance of having all gangs equipped with one style of each 
tool is worth noting. This is particularly advantageous because 
it allays any petty jealousies which may develop between gangs 
through real or fancied superiority of one style of the same tool 
(jacks, for instance) over another. Furthermore, if gangs are 
doubled up in emergencies there will be less tendency for bor- 
rowing the other fellow's good tools and returning poorer tools 
in their places. 

It is very desirable to have standard plans of all tools. These 
plans will be found of great value in purchasing and inspecting 
them. If the making of such plans appears burdensome or 
unnecessary it is still possible and worth while to select them by 
number or description from the catalogs of the reliable supply 
houses and always to order the same makes and styles of those 
tools known to be most eflScient. Standard plans of tools have 
another use in furnishing details for the repair and local manu- 
facture of tools such as level boards and track gages. The 
standard tool plan shown in Fig. 3 is made up upon a sheet 4 
in. X 6 in. with a 1-in. margin at one end for binding in loose- 
leaf book form. A drawing of another track tool appears in 
Fig. 5. 

Specifications for Tool Steel Are Important. In the selec- 
tion of tools made of steel, more attention should be paid to 
the quality of the steel and its suitability for the work. The 
steam roads have given more study to this than the electric 
roads. For instance, the Pennsylvania Railroad has its picks 
made of open-hearth steel having from 0.55 to 0.75 per cent car- 
bon, not more than 0.04 per cent each of phosphor and sulphur, 
and about 0.40 per cent manganese. Similarly its track chisels 



TRACK AND STRUCTURES 



and track punches are made of crucible steel having from 0.80 
to 0.90 per cent carbon, not more than 0,04 per cent each of 
phosphor and sulphur and 0.30 to 0.40 per cent manganese. 

The further advantage of study of the proper quality of steel 
for track-tool use is illustrated by the experience of one electric 
railway which found in 1915 that it could substitute "Black 
Diamond" crucible steel at 7K cents per pound for Jessup tool 
steel at 16 cents per pound and secure equally good results from 
tools, such as pick points, track chisels and punches, made there- 
from. The saving thus effected amounted to a considerable 
sum in the course of a year. 
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Fio. 2 — These Chippino Tools Abe Used 
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The Shovel Question Will Bear Investiffatioii. Again, the 
quality of steel in track shovels will bear attention, especially 
where the men are required to furnish their own shovels, al- 
though this practice is considered poor policy. The usual ef- 
fective depth of a shovel blade is about 10 in. An inch of wear 
reduces its capacity nearly 10 per cent. Men have been known 
to take shovels off the job and deliberately have them cut down 
an inch or so in order to lessen the labor of using them. 

When a man furnishes his own shovel he will naturally buy 
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the cheapest he can find. He will use it just as long as there is 
a plausible remnant of the blade left unless required to discard 
it after a certain wear is reached. He will not drop his shovel 
to do other work but will walk 500 ft. or more to his coat and 
hide it. He thus consumes the employer's time without result. 
The operating cost of a shovel is at least $2 per day. If the 
man is permitted to use a shovel of half the full blade length the 
operating cost is the same but the eflSciency is decreased by one- 
half. 

Shovels are abused by being thrown about carelessly, by hav- 
ing heavy tools and materials thrown upon them and by being 
driven into ties to pull the latter about under the rails. Only 
the best grade of steel will long withstand the lack of care and 
heavy duty thus imposed. 

A shovel of fair-looking quality may be purchased for 40 or 
50 cents but a shovel made from an alloy steel of exceptionally 
good quality may be had for 90 cents or so, and this will out- 
wear the cheaper shovel at least four or five to one. The intro- 
duction of special grades of alloy steel in shovel manufacture 
has again proved the value of selecting the best of steel for tool 
uses. 

Worn and Broken Track Tools Can Be Repaired Profitably. 
The cost of new track tools has steadily increased to such an 
extent that the subject of the repair of worn and broken tools 
has become one of considerable importance. The general pro- 
cedure has been very well described in an article in the Elec- 
tric Railway Journal for March 25, 1916, from which much 
of the following is taken. 

Ordinary track hand tools, as a rule, are not reclaimed when 
they become badly worn or broken, and only such repairs are 
made as can be readily handled by an ordinary laborer. This 
is particularly true of large construction jobs where a consid- 
erable item of their cost is expended in track hand tools; yet 
when a job is completed comparatively few of the tools are 
found to be good enough to turn over to the maintenance forces. 
Many of these worn and broken hand tools, which are dis- 
carded as useless, can be repaired profitably. Experience on 
some roads has demonstrated this fact, and the ease of making 
repairs has been considerably facilitated by the introduction of 
portable welding outfits. While it has been found economical 
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to repair tools, it is also very important that the repairs be 
properly made to accomplish the best rsults. It is as essen- 
tial to good workmanship and efficiency that tools should be 
kept in proper condition as it is to buy first quality tools. In 
other words, tool repairs should be concentrated at a single 
point where one or more men may be regularly employed in 
putting them in serviceable condition. 
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Fig. 3 — A Sample Standard Tool Plan fob the Loose-Leaf Notebook 



A first-class blacksmith is best qualified to do this kind of 
work, but it must be borne in mind that not every blacksmith 
can repair these tools. Experience in making repairs to hand 
tools is a necessary requisite, hence it is better to employ one 
man on work of this kind and hold him responsible for the 
quality of the repairs made. 

New Handles Can Be Put on Old Shovels. Specific cases of 
repairs to hand tools that pay include reclaiming good shovel 
blades, in which the handles have been broken, by supplying 
new handles. Handles in good condition may often be had by 
taking them from blades that are completely worn out. Another 
method consists in supplying a new cast-iron D-handle to re- 
place wooden D-handles. 

Claw bars badly worn, or with one of the claws broken, may 
be reclaimed by dressing the bar down to form a new claw, or if 
there is not sufficient stock remaining, a new claw may be welded 
on. It is also important, and has now become general practice, 
to keep picks sharp and properly tempered. The cost of the 
pick was once considered so small that reclaiming the old one 
was not worth while, but it is now considered economical to do 
so by welding on new points as needed. Lining bars and tamp- 
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ing bars may be readily restored to good condition by straight- 
ening, redressing and tempering. 

Accurate Jack and Drill Bepairs Pay Handsomely. Accu- 
rate workmanship when repairing spike mauls is very important. 
An untrue surface makes it impossible to strike a true blow, and 
an improperly struck blow may bend a spike or cause an acci- 
dent. An improperly tempered maul soon becomes untrue when 
the metal is too soft, or if it is too hard pieces may chip off and 
cause an accident. The same requisites apply to track chisels 
which primarily must be purchased with steel of proper quality. 
A poor chisel delays the work and increases the cost of any 
operation. It is also very important to keep track jacks in per- 
fect operating condition. Where several extra ones are not on 
hand a bad-order jack may tie up a gang. The track jack, like 
the track drill, is more expensive than the average hand tool, 
and it is not general practice to have an unlimited supply of 
extra ones. It is therefore important that jacks and drills not 
only be in good order but that they be inspected for defects 
occasionally, and when repairs are necessary they should be 
made by an expert mechanic in order to insure results. How- 
ever, drill bits may be accurately sharpened on the job by the 
average laborer if the gang tool box is supplied with a Keystone 
tool grinder. 

With no other track hand tools are accuracy and good repair 
so important as with the usual track gage and level. When 
these become damaged for any reason the utmost care should 
be exercised to see that the repairs are made properly, and after 
the work is completed their accuracy should be checked before 
they are actually used in track work. Repairs to either of 
these tools are difficult to make because accuracy is so essential, 
hence it is especially advisable to have this work done by an 
experienced repairman. In other words, the repairing of most 
track hand tools is a job for a specialist if the best results and 
maximum economy are to be obtained. 

Bepairing 10,000 Picks at Six Gents Each. As an indica- 
tion of the comparatively small cost for tool sharpening and 
repair, it will be of interest to note that the records of one rail- 
way covering repairs to picks, lining bars and track jacks for 
one season show that more than 10,000 picks were repaired at 
a cost of about 6 cents each, while 6900 lining bars were re- 
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stored to service at an average cost of 5 cents each and 186 
jacks were refitted for service at a cost of 70 cents each. The 
records further indicate that each jack went to the shop five 
times during the season. The type of jacks used in this in- 
stance cost $8.35 in 1914, hence it is beyond question that the 
repair was economical. 

The cost of tools, supplies, repairs and delivery service varies 
greatly. Much depends upon the size of the road and its char- 
acteristics, particularly as to whether it be a city property with 
much pavement or a road operating largely in private right-of- 
way. Furthermore, if a large amount of reconstruction is un- 
dertaken in any one season, the cost for tools and supplies will 
increase accordingly. Consequently there is no measure by 
which the tool expenses of one system may be safely compared 
with another. Nevertheless it is worth while to keep track of 
these expenses with the purpose of being sure that they do not 
get out of bounds. It may be of interest to state that the cost 
of tools and supplies may run as high as $100 per mile of single 
track per year in a busy season, if the costs listed in Table II 

TABLE II. EXPENDITURE FOR ROADWAY TOOLS AND SUPPLIES 
SEASON OF 1917, ON A 550-MILE CITY RAILWAY SYSTEM 

Total expenditure for 1917 $48,000.00 

Average monthly expense 4,000.00 

Cost of tools and supplies 30,100.00 

Cost of tool-car service 10,600.00 

Cost of tool repairs 7,300.00 



Cost per mile single track — tools and supplies $54.70 

Cost per mile single-track — tool-car service 19.30 

Cost per mile single track-r-tool repairs 13.30 

Cost per mile single track — total $87.30 

Note — Tool-car service was furnished by two tool cars at a charge of 
$25 per day per car. Tool repairs include repairs to lar^e machines, such 
as mixers, grinders, arc welders and electric drills. 

from the tool accounts for 1917 of a 550-mile city prop- 
erty can be taken as a guide. (The year 1917, by the way, can 
be considered a very ** light *' year due to sharp decreases in 
amount of work done.) 

Small tools and supplies, it will be noted from Table II, ac- 
count for the larger portion of the tool and supply service. 
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The supply list reads like a stock sheet of a regular hardware 
store, and everyone knows that small hardware is expensive. 

Some of the cheapest things that are used cost a great deal 
in the aggregate. Lantern globes, for instance, are compara- 
tively cheap in first cost but they are consumed in large quan- 
tities. White globes are worth about 6 cents each, while red 
globes cost about 20 cents each. On city work red globes 
are used to a much greater extent than white ones. The 
difference in cost on one property led to an important economy 
through the use of white globes dipped in a special red color- 
ing preparation. This preparation could be purchased before 
the war at $3 per gallon. It is now worth $8.75 per gallon. 
Under these conditions the tool foreman rose to the occasion 
and consulted with the boss painter who made some experiments 
and finally produced a red color at a cost of $2.75 per gallon. 
This holds its color even better than the material formerly 
purchased and also covers more globes per gallon of color. The 
former color covered about 350 globes per gallon while the new 
color covers about 500. This color is made from the following 
formula: 3 lb. deep permanent red, No. 171 dry, St. George 
Chemical CoYnpany, 25 cents per pound; 1 gal. bronze liquid, 
$1.75 ; labor to mix, 25 cents ; total, $2.75 per gallon. 

Similarly, when the price of high-speed drill bits rose skyward 
the tool man set about using the arc welder for repairing broken 
bit shanks and began to get the fullest possible use of the bit 
points by welding on an added length of shank. 

A study of the consumption of kerosene oil on one road re- 
cently developed a discrepancy of over 30 per cent between the 
amount of the oil which should be used for the number of lan- 
terns in daily service and that actually drawn from stock every 
day. This led to the discovery that some of the oil was going 
to the homes of the men by devious routes, particularly during 
the period when oil became very scarce and high in cost. It 
was also found that there was much waste due to the method of 
distribution; to carelessness in filling lanterns; to leaky con- 
tainers and to leaky wells in the lanterns. These discoveries 
naturally led to a radical change in the whole procedure and 
effected a large saving. 

Good Tool Houses and Tool Boxes Help in Tool Conserva- 
tion. On long interurban lines, the track tools are usually kept 
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in section tool houses similar to thrae used by steam roads, in 
which case the tools are transported on the section hand ears. 
The latter are being displaced by gaa-driven ears which have 
many advantages. Where the section is comparatively short or 
runs out from city or other headquarters, the tools and the sec- 
tion gang are more apt to be transported upon a regular motor 
flat car, which may remain on the job at the nearest siding dur- 
ing the day. In such cases the car is available for hauling bal- 
last and other needed materials. 



Fio 4 — A Tool Wagon Which Can Be Made at ReASONABLB Cost 

It is not practicable in city work to maintain tool houses, and 
as a substitute each foreman is usually supplied with a tool box 
or a tool wagon. These should be substantially made and must 
be provided with exceptionally good locks. The tool boxes are 
moved from job to job by work cars, usually at night, so as to 
be ready on the new job when the gang arrives in the morning 
at a new location. 

The tool wagon has the advantage of portability as it can be 
moved by the men if necessary ; it can be towed behind a motor 
truck or work car, and it can be quite easily loaded upon a work 
car by the men if skids are provided, A form of tool wagon is 
illustrated in Fig. 4. 

Tool boxes should not be made too large in size with the view 
of getting all the tools for a gang of fifty or sixty men into them. 
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Where this is attempted it will be found that it is practically 
impossible for the men to lift them when loaded and it re- 
quires a derrick to place them upon cars for transportation. 
In consequence the box must often be unloaded and loaded upon 
the cars when empty, which necessitates much rough handling 
of tools, greatly increasing breakage and consuming valuable 
time as well. It is far better to provide two or three boxes of 
moderate size, each suitable for the average sized repair gang 
of say twelve to twenty men. 
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Fig. 5 — ^This Standard Gage Is fob Use on Tracks With Guard Rail 

Where tool boxes are used it is customary in city work to 
keep a watchman at the box at all times. He keeps track of the 
tools, fills lanterns and puts them out on the work and he can 
make himself useful in sharpening tools on the portable tool 
grinder. The use of the watchman should not relieve the fore- 
man of his responsibility for the tools and their fitness for serv- 
ice. 
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OHAPTEB V 

fiUBSOIL AND ITS IMPOBTANT BELATION TO TBAGK 

OONSTBUOTION 

Among the many depraved traits that inanimate matter possesses, 
none has caused greater surprise or reflected more severely on the skill 
of engineers than the behavior of rails and joints since they were made 
to do service under electric cars, and notwithstanding that a great 
amount of inventive genius and experimental effort has been expended 
in improving details of foundations, ties, rails and joints, street railway 
companies everywhere feel more or less solicitude lest they fail to se- 
cure the highest standard of excellence desired. 

Although no construction with which we are acquainted meets all re- 
quirements in a fully satisfactory manner under all conditions, great 
advances have been made, and this line of engineering, which hereto- 
fore has been considered an humble branch of the profession, is now 
receiving the attention of the best engineering talent in the country, 
and some of the modem arrangements represent notable and important 
improvements over former practice. 

The foregoing quotation might have been written yesterday 
in comment on present-day track construction, but it really was 
written in 1892 by the late C. B. Fairchild in his memorable 
work on ** Street Railways/' 

An editorial in the Electric Railway Journal not long 
ago commented upon the important report recently submitted 
by the committee on stresses in track of the American Railway 
Engineering Association as follows: 

It is well known that railroad track is a structure which has been 
evolved from previous practice and experience rather than from study 
and experimental data along scientific lines. It has remained for this 
committee to earn the enduring regard of the engineering profession 
through its demonstration that track is subject to known laws and 
scientific treatment in common with other engineering structures. The 
proof that track is an elastic structure acting in accordance with 
Hooke's law is of itself a material contribution to the sum of engineer- 
ing knowledge. 

47 
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In the light of this editorial statement we may judge that 
electric railway engineers need not feel that ther^ is so much 
reflection upon their skill after all, since it has taken steam road 
engineers such a long time to discover some of the fundamental 
laws governing their track construction. 

Study of Strength of MaterialB Necessary in Track Design. 
At last the fact is becoming recognized that the design of tracks 
is not a simple matter, whether they are located on private 
right-of-way or in paved streets. On the contrary, their de- 
sign calls for the exercise of extreme care and engineering skill 
in the selection and utilization of a number of different mate- 
rials which must be united in one structure, just as a great 
office building must be assembled with materials from many 
sources. In order successfully to design either a building or a 
track structure there must be an appreciation of the qualities 
and strengths of materials combined with the knowledge of 
their performance under varying conditions which mainly comes 
with long experience. The principal materials in a track struc- 
ture before assembly are: Soils, gravel, crushed stone, sand, 
cement, timber, iron and steel, together with a multitude of 
paving materials such as granite, wood block, brick, sandstone, 
slag-brick, pitch and various combinations of bitumen with stone. 
Some of these items, such as rails, ties, concrete and pavements, 
assume the position of added items when considered in their 
assembled state. 

It will be the purpose of this and subsequent articles to con- 
sider these materials in their relation to the track structure. 

Modern Track Dates from the Beginning of Electric Opera- 
tion. Street railway tracks have been in process of develop- 
ment for more than eighty years, and during the first half of 
that period progress was exceedingly slow. In fact, there was 
no radical change in the construction of tramway tracks during 
the period extending from the introduction of horse cars (about 
1832) to the important change in motive power from horses to 
electricity which began about 1888. With the advent of elec- 
tric power came the real beginning of the change in track con- 
struction which led to the generally accepted types of track in 
use to-day. It is of interest to note that even in 1892 the main 
features of the present type of construction were advocated and 
used to some extent. In fact, a report on proper track construe- 
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tion was presented to the American Street Railway Association 
in that year which, if it were edited a bit, could just as well 
bear this year's date, since it pointed out practically all the 
essentials which are considered valuable to-day. 



We may think we are very modem in our use of concrete in 
track construction but it was used with tramway tracks in Great 
Britain thirty or more years ago (see Fig. 9). Even the steel 
anchor chair for a concrete base, which has been used in the 
past by the surface lines in Philadelphia, had its predecessor in 
tracks iu Bristol, England, as early as 1892 (see Fig. 12). 

The American Street Railway Association report herein re- 
ferred to also settled the mooted question of "Use of T-rails in 
paved streets" by saying that they were the best rails to use and 
should be adopted wherever municipalities would permit. Even 
the matter of standardization of rails was considered in that 
year, and it was suggested that there was no need for more than 
six different rail sections, but it was not until 1914, twenty-two 
years later, that the association finally adopted four standard 
girder rails, two guards and two tangent rails. Truly the mills 
of the gods grind slowly. What a long time the rail mills were 
occupied in rolling "personal" rail designs for street railway 
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Wherever we see a track which is giving good service, we 
cannot learn why it does so from a casual examination of it as 
a unit, especially if it is in a paved street. It is necessary to 
inquire into the details of construction which are combined in 
the unit. From this detailed examination we may leam how 
the various elements are combined and we soon iind that there 



are quite a number of factors which have an influence in the 
design of track structures. Most of them will be found essen- 
tial in the consideration of both open and paved track, but those 

TABLE I— BEARING VALUES OP SOILS 
{Compiled by American Concrete Institute, 1914) 

Safe Load in Tons 
Material per Square Foot 

Quicksands and wet soils 0.1 to I.O 

Dry earth accordiug to depth below surface 1.0 to 3.0 

Moderately dry clay, confined 2.0 to 4.0 

Dry, stiff clay 4.0 to 6.0 

Sand, confined 2.0 to 6.0 

Sand, compact and cemented 4.0 te 8.0 

Gravel, cemented 8.0 to 12,0 

Rock 25.0to200.0 

TABLE II— CLASSIFICATION OF SOIIB 
(Compiled by United States Department of Agricnlture) 



Material 
Fine gravel ; . . . 
Coarse sand . . . 
Medium sand . . 
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f the number of aieTC is meant the number of meshee per lineal inch, 
'ire cloth, woven from brass wire, having the following dismetere for 

Diameters 

ee Nos. 10 and 18 0.0186 Inch 

e No. 32 0.011Z inch 

a No. 70 0.0045 inch 

as Nos. 180 and 230 0.0024 inch 

which apply to paved track only will be easily recognized. The 
following list of factors of design is taken from the 1914 report 
of the committee on way matters of the American Electric Rail- 
way Engineering Association upon the subject of proper foun- 
dation for tracks in paved streets. 

"Factors Influencing Design. — From Report of Committee on 
Way Matters, 1914; (1) Character of subsoil. (2) Bearing 
power of soils. (3) Drainage of subsoils. (4) Effect on elec- 
trolysis. (5) Forms of substructure. (6) Live and dead load 
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to be carried. (7) Forms of track superstructure. (8) Pave- 
ment. (9) Headway and speed of trains. {10} Street im- 
provements. (11) Subsurface structures. (12) Street and car 
traffic." 

No, 7, forms of track superstructure, is subdivided into five 
factors which have a further influence upon design ; these are : 
(a) Ties; (b) rail; (c) rail fastenings; (d) rail joints, and (e) 
pavement. 
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There is little question but that the most important items are 
those relating to character, bearing power and drainage of sub- 
soil. The 1914 way committee report above mentioned classi- 
fied subsoil as the controlling factor in design and submitted a 
table giving data on the bearing values of soils (see Table I). 
In 1915 the committee again emphasized these factors and pre- 
sented a classification of soils (see Table II), as determined by 
the Department of Agriculture, with a conclusion that the clas- 




FiG. 9 — Birmingham (Engi«a.nd) Tramway Construction, Using 

C6NGRETE WITHOUT TiES, ABOUT 1890 

« 

sification of soils found in the city streets is desirable. Mean- 
while the committee on stresses in track of the American Rail- 
way Engineering Association was carrying its experiments for- 
ward and now has in preparation a report bearing values of 
soils which should be of great service. 

The 1892 report presented to the American Street Railway 
Association previously mentioned had the following to say in 
regard to subsoil and drainage: 

The depth of the excavation must be determined by the depth of the 
rail and tie, plus the space allowed for tamping. The condition of 
the soil must govern the latter exclusively, but in the reconstruction 
of the roadbed, where the operation of cars will permit, and in all 
new work, unless the soil is of sandy character, the following plan 
will not only provide suitable subdrainage but will also insure per- 
manency: Remove earth to a depth of 8 in. below bottom of tie; roll 
thoroughly with a heavy horse or steam roller; spread a layer of cin- 
ders, crushed rock, gravel or furnace slag 6 in. to 8 in. in thickness 
and again roll until same is well bedded and leveled. . . . The fact 
that the material so placed provides a splendid subdrainage is the 
best argument in its favor and will commend its adoption where soil 
demands it; for it must be remembered that it is far more expensive 
to open up and retamp poorly-constructed track than to properly con- 
struct and provide subdrainage at the outset. 
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We would not think of constructing a building of importance 
without determining beforehand the nature of the soil upon 
which we were to lay the foundation. If it is good practice to 
do this in connection with the design of a building, it is no less 
so when the design of tracks is under consideration, and the 
premature failure of many miles of so-called permanent track 



in the past may be laid to either the lack of information relative 
to the subsoil conditions or to the failure fully to appreciate 
such information as was obtainable. The fact that tracks de- 
signed with due regard to meeting all the controlling elements 
of design have been made to stand up, after reconstruction, in 
places where earlier tracks had failed before their time is suf- 



ficient warrant for the foregoing statement. However, some 
consideration must also be given to the not infrequent situation 
which formerfy obtained wherein the funds provided for orig- 
inal construction were not sufficient to permit the engineers to 
incur the expense which would have been necessary fully to 
meet the conditions. 

Ample Drainage Prime Requisite in Track Constmction. 
Ample drainage is the prime requisite in track construction. 
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This must be provided not only for the subsoil but for the sur- 
face in order to prevent infiltration of surface water. Moisture 
in any form is the chief enemy, and water and frost will cause 
more damage to tracks than any other agency, bad joints not 
excepted. It should not be forgotten that the track trench 
takes on the form of a drainage ditch for the rest of the street, 
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Fig. 12 — ^Eablt Use of Steel Yokes on Rail Anchors in Concrete 

IN Bristol, Englaiyd 

even though it is backfilled with the track structure and paving 
materials. This trench usually has a depth of from 15 in. to 
21 in., depending upon the depth of the rails and ballast, and 
it will be seen from Fig. 10 that the bottom of the trench may 
be 9 in. below the bottom of a 6-in. macadam or other shallow 
pavement even at the gutter. With deeper pavements this 
depth becomes less, but even with a 5-in. granite pavement on 
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Section ort- Tie Section betw. Ties 

Fig. 13 — ^A Method op Preventing Damage to Roadbed from 

Seepage of Water 

concrete, and 7-in. rails, wood ties and 6 in. of ballast, the dif- 
ference in levels may be at least 1 in. Hence, there is great 
opportunity for stray water from the surrounding surface of 
the street and adjacent property to seek the track trench. 

How much water actually reaches the trench in this way is 
dependent upon the character and condition of the pavement 
and of the soil. How much of it stays in the trench also de- 
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pends first upon the soil and then upon the drainage provisions. 
A comparatively inexpensive scheme for preventing seepage of 
surface water to the track trench from the adjacent roadway 
surface where the latter is not paved and the soil is known to 
be a water-retaining clay, is shown in Fig. 13. This consists of 
a dependent curb constructed as a part of the concrete base for 
track pavement and extending about 8 in. below the level of the 
bottom of the ties. In the particular instance shown it was not 
thought necessary to use ballast upon the subgrade, but the pre- 
caution was taken to consolidate it thoroughly by rolling with a 
10-ton roller. 

In most cases where the soil is of such a character that ballast 
of gravel or crushed stone must be used, it will also be found 
that the ballast alone should not be depended upon to provide 
sufficient under-drainage. If the ballast is well compacted, es- 
pecially by rolling, water will not flow through it readily. 
Furthermore, the soil works up through it more or less after a 
time and tends to prevent the passage of water. It is for these 
reasons that most of the designs for modem ballasted tracks 
now make due provision for subsoil drainage by means of tile 
drains. It will be seen from the foregoing discussion of drain- 
age provisions that dependable data upon the bearing value of 
soils will be of great assistance in connection with the design 
of tracks. Meanwhile, the classification of soil by mechanical 
analysis combined with the tentative bearing values of soils 
now available should be used by track engineers in every case 
where there is any doubt as to how to meet uncertain soil con- 
ditions. 

In treating subsoil preparatory to laying the tracks, it will 
often be found that the practice of rolling will be of material 
assistance. It is stated by the way committee that a more even 
distribution of load is effected, that the bearing power of the 
subsoil is increased, that rolling should be done wherever prac- 
ticable under working conditions and warranted by the kind 
and condition of the subsoil, and that it is especially desirable 
wherever there has been much disturbance due to sewers and 
cross trenches under the tracks. Since uniformity is desirable 
in the track structures as a whole, it seems to be a fundamental 
principle of track design that the first place to secure uniformity 
is in the subgrade upon which the track is to be founded. There 
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is no question but that this can best be done by rolling, with 
moist soils. Occasionally it is necessary also to add broken con- 
crete upon which to operate the roller. Even where the ballast 
is to consist, in part, of a concrete slab as snb-ballast, the rolling 
is just as essential in order that the slab will obtain a uniform 
bearing throughout. It should not be forgotten that even 



though the subsoil can be stabilized by rolling, it is essential 
that it be kept in this state by ample drainage provisions. 

An example of the type of track construction wherein drain- 
age is properly provided is shown in Pig. 11, which is the recom- 
mended, type B design as adopted by the American Electric 
Railway Engineering Association in 1915. In the meantime the 
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way committee presented another design known as type C, 
utilizing a concrete slab sub-ballast with similar provision for 
underdrain, as shown in Fig. 14. It was intended for use on 
very heavy water-retaining soils and other uncertain ground. 

The Engineering Association did not care to adopt this as a 
recommended design, although its merits were recognized, be- 
cause of the fear that it might be forced upon railway compa- 
nies by municipal authorities in many instances where such an 
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expensive construction would be unnecessary. However, it is 
a type which is used voluntarily to a considerable extent under 
soil conditions which almost demand its use. Thus the concrete 
slab feature was employed recently in Chicago, as will be seen 
from Fig. 15, which is reprinted from an article describing its 
use, which appeared in this journal for March 30, 1918. The 
article in question, unfortunately, does not state what provi- 
sions were made for under-drainage other than to say that the 
construction was built upon a lake sand fill about 9 ft. in depth 
which was used to fill up cellars of houses over which, through 
a street-widening scheme, it was necessary to lay the tracks. 



OHAPTEB VI 

AUTOMATIO TBACK SWITCHES RELEASE MEN FOR 

OTHER WORK 

The traffic requirements of street railway car operation upon 
lines having very close headways necessitate the employment of 
some means for turning the switches in order to minimize de- 
lays at junction points. With car schedules under which the 
cars do jiot reach a closer spacing interval than three minutes 
it is possible for the motorman to turn the switch by hand with 
his switch iron, without causing undue delays to following cars, 
but where the interval is less than three minutes it becomes 
necessary to employ a switchman. But the cost for this amounts 
to $1,000 or more per year for each switch, and it was the de- 
sire to cut down this operating expense which led to the em- 
ployment of mechanical and electrical devices as substitutes. 
The introduction of various forms of prepayment and center- 
entrance cars, which impose door-opening and closing duties 
upon the motorman and render his constant presenre upon the 
car desirable, is another factor which in recent years has con- 
tributed to the quite general adoption of switching devices. 

There is no question as to the fact that the installation of 
electric track switching mechanisms will result in an operating 
economy at any location where traffic conditions warrant the 
employment of a switchman only in the rush hours, say for a 
total period of six hours per day. This saving effected is indi- 
cated in the accompanying Table I. 

TABLE I— COMPARISON OF COSTS FOR ELECTRICAL AND MANUAL 

OPERATION OF TRACK SWITCHES 

Hourly Annual Annual 
Type of Operation Cost Cost Saving 

Manual Operation, $3.50 per day of 

twenty hours $0,160 $1,277.50 

Electrical Operation. 

Device cost, installed $285.00 

Interest at 5% 14.25 

Annual maintenance expense 100.00 .013 114.25 $1,163.25 

58 
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The operating costs used in the table are believed to be very 
conservative. A recent questionnaire in Aera developed a 
range in maintenance costs for electric switching devices of 
from $35 to $100 per year, with an average of the four costs re- 
ported, of $65 per year per switch. It is believed that $100 
will closely approximate the maintenance cost, exclusive of in- 
terest, for these mechanisms on any road where there is a traffic 
which requires an average of not less than 500 movements per 
switch per day. It is to be noted that the electric apparatus is 
available for operation all of the time, while the use of switch- 
men is mainly confined to from six to eighteen hours per day. 

The first attempts to produce such devices were solely along 
mechanical lines and the Patent Office undoubtedly has many 
recorded patents for mechanical devices in its files. Neverthe- 
less a purely mechanical device has never met with favor nor 
has one ever been produced which has met with sufficient suc- 
cess to warrant its general adoption in electric railway service. 
According to information from Fred Bland of Sheffield, Eng- 
land, this statement covers the British situation also. 

The first automatic track switches were used on horse car 
lines and consisted of two platforms resting on opposite ends of 
a pivot lever, somewhat like a see-saw. One platform was at 
the right hand side of the switch point while the other was at 
the left. If the switch was to be thrown to the right the horses 
were pulled over so that they walked on the right hand platform 
which depressed under their weight, throwing the switch to the 
right. A heavy ball weight rolled over at the same time, hold- 
ing the switch in place. If the movement was to be to the left, 
the horses were pulled onto the left hand platform with the 
similar results. The chief difficulty with this device was due 
to freezing and clogging with mud. 

Another one of these early mechanical devices is shown in 
Pig. 16. It was produced in 1892 by C. E. Carey, then master 
mechanic of the Dry Dock, East Broadway & Battery Railroad 
Company, now a subsidiary of the Third Avenue Railway, New 
York City. As will be seen, it depends upon the use of a pro- 
jecting lug which would be engaged by the wheels of certain 
cars only, the latter being equipped with wheels having a wider 
tread or special flanges. 

With the advent of electric cars a mechanical device was de- 
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signed to be put in the ground, using a cam shaped surface to 
be engaged by a pedal attached to the car platforms and de- 
pressed by the motormen. It was not successful because the 
mechanical part in the ground would freeze and get clogged, 
while the mechanism on the ears became broken by contact at 
too great speed with street obstructions. The requirement of 
parts to be attached to the car was also a disadvantage. 

The early electrical devices attempted to follow steam road 
practice and the operating magnets were placed on the trolley 
pole at the curb, with connections by means of rods or wires to 
the switch point. Undoubtedly the placing of the magnets on 
the poles was for protection against moisture. One of the first 
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electric mechanisms of this kind was the Porter device installed 
in Detroit, Mich., about 1895 or 1896. Another one of similar 
design was installed in Brooklyn about 1900 by Spangler. The 
chief trouble with these designs was due to the fact that the 
ordinary stuffing box did not keep the water out and the me- 
chanical parts would freeze up. 

Meanwhile Squires, Cheatham and Baldwin were developing 
their devices. There is a record of two installations of the 
Baldwin switch in Brooklyn in March, 1897. They were put 
on the market by the New York Switch & Crossing Company. 
It-is of interest to note that they were still in service until 1913 
when they were removed for replacement with a more modern 
type. Some details of this device are given in Fig. 17 in which 
a wiring diagram is also shown. Squires had his device in 
service in Springfield, Miiss., and Cheatham installed his first 
device in operation in Louisville, Ky., about the year 1899. 

These types placed the magnets in a mechanism box in the 
ground at the switch point, thus simplifying the device and the 
Baldwin type provided for drainage connection to the sewer, in 
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order to protect the magnets. Cheatham's device placed a 
water-tight case around the magnete for protection and the 

Squires device was also designed to be water tight. 

The early Baldwin device was operated by an insulated sec- 



tion of the track ahead of the switch, while the Cheatham and 
Squires mechanisms were operated by overhead contactors. 
The Baldwin later changed to the overhead contact also. There 
are three other devices which appeared between 1900 and 1903. 
These are the Kitt which is and has been used in Denver almost ' 



62 TRACK AND STRUCTURES 

exclusively ; the Wooley used in East St. Louis and elsewhere to 
some extent, and the Collins (American Automatic). The Kitt 
had two solenoids in the ground box and the circuits were con- 
trolled by an electro-mechanical current reversing device. The 
Wooley had two contactors on the trolley wire and was ope- 
rated by current **on'' or **oflf'' under one contactor or the 
other as the direction required. The Collins had one solenoid 
in the ground box and the switch was thrown by a cam plate 
reversing device, also in the box. (See Fig. 17.) The first Col- 
lins devices were designed for underground conduit work in 
New York and were first used there in 1902. The first Collins 
devices for regular trolley work were installed in Brooklyn in 
1903. The early type of this device was contained in a water- 
tight box, using an ordinary stuffing box. As this gave some 
trouble it was superseded by the mercury seal. 

It will be seen from Fig. 18 that the modern devices have aban- 
doned the insulated section of track as a factor in their opera- 
tion and have returned to the overhead wire instead, using some 
form of contact-making device, operated by the passage of the 
trolley wheel as a means for setting up circuits which actuate 
the mechanism. 

The development of curb and tower control began about 1904 
when the use of automatic switching devices commenced to 
make headway. The first of these were installed in the Jersey 
City Terminal of the North Jersey Street Railway and at the 
Williamsburg Bridge Plaza in Brooklyn. The first complete 
electro mechanical interlocking for surface street railways was 
devised by Collins and installed in Washington in 1908. 

Perhaps the most radical change in electric switch design is 
the recent anti-splash type, operated by a small electric motor 
in the street box, as designed by Collins. This was introduced 
in 1916 and the first installation was made in Brooklyn in that 
year. Besides preventing splashing troubles, the device is de- 
signed for electric locking to prevent splitting and untimely 
operation by following cars. The same type of electric lock 
which is used with this device can be used with other Collins 
devices for locking switches against two-car train operation. 

Present-day devices consist principally of four main parts, 
namely, the contactor, the circuit-changer, the fuse box and the 
main street box. Sometimes the contact device has the circuit- 
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changing device attached thereto, and in some cases the circuit 
changer is mounted upon the trolley pole at the curb. A dia- 
gram of wiring of a complete installation is shown in Fig. 18. 
Views of several street-box mechanisms are shown in Fig. 19. 

In general the operation of the switch tongue is accomplished 
by means of solenoids located in the street box, but a recently 
developed type does this by means of a small 110-volt motor and 



trains of gears also located in the street box. (See Fig. 19.) 
The several devices shown in the figures will be recognized by 
those who are familiar with such apparatus, but it is not the 
intention here to indicate either that these are all of the devices 
available or to express any preference whatever as to, the types 
of apparatus shown. 

It is of some interest to note in passing that at least one mod- 
ern design of street box has the solenoids in a vertical position 
substantially as they were in the early type, although the means 
for actuating the switch tongue are radically different. 

Electric Switches in Underground Conduit Operation. The 
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application of electric switching devices to underground con- 
duit systems on surface lines presents some difficulties not found 
in ordinary surface operation, since it is necessary to operate 
the leaves of the conduit slot in conjunction with the switch 
tongne, thos requiring the movement of the additional weight 
of the leaves. In consequence a very powerful and rugged ap- 
paratus is needed. A drawing of the mechanical connections 
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of the principal type of apparatus in general use on conduit 
lines is shown in Fig. 23. The type shown is in service in New 
York, Washington and London. It operates as follows: 

The switch throwing mechanism has but one solenoid and the 
motion is transmitted in the two directions by means of a re- 
versing cam plate. The mechanism also has contacts mounted 
upon it for use with interlocking and these operate the indicators 
in the tower. In the underground conduit type one of the con- 
ductor rails has an insulated section. One of the wires from the 
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solenoid is connected to the live conductor rail and the other is 
connected to the insulated section. 

If the motorman desires to throw the switch, current is ap- 
plied to the car while the plow is on the insulated rail and the 
solenoid of the mechanism, being in series with the car motors, 
becomes energized, its plunger is lifted and the cam plate causes 
the switch to be thrown. When the car leaves the insulated 
rail the plunger and cam plate fall back by gravity and re-set 
to throw the switch in the opposite direction. If the switch is 
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Fig. 20 — ^Wimnq Diaosams; at Left, Tower Control; at Right, 

Curb Control 



not to be thrown the motorman passes over the insulated section 
with power oflf. If the switch is thrown by hand the reversing 
cam plate also reverses. There is a toggle movement with heavy 
spring attached to the switch throwing mechanism to act as a 
semi-lock and hold the switch point and leaves in the slot rigidly 
in the position to which they are thrown. 

Severe Conditions Must Be Met. There are several rather 
rigid conditions which electric switching devices must meet in 
street railway service. They should be composed of the fewest 
possible parts ; they should be simple enough in mechanism and 
electrical connections to permit the average man of intelligence 
to maintain them; they must be waterproof as far as the parts 
in the street are concerned ; they must prevent any possibility 
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of splitting the switch; they must not require more than ordi- 
nary intelligence from the motormen, and they should be non- 
operative under the combined current required for light, heat 
and air compressor circuits. Other desirable features are these : 
Means should be provided to prevent splashing of mud and 
water upon passengers and pedestrians ; it should be impossible 
for a following car to throw the switch between two trucks of a 
car which may be passing over the switch ; it should not be ab- 
solutely necessary for the motorman to see the position of the 
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Fig. 21 — Wiring Diagram of Interlocking fob Elexttbic Switch 
Operation Under Two-Cab Train SsaivicE 



switch in order to operate it correctly, and it should be impos- 
sible for a car to bum out the electrical apparatus by standing 
with trolley pole directly under the contact device. In two-car 
train operation, where both cars have their trolley poles in con- 
tact with the wire, it is absolutely essential that the second car 
of the train cannot operate the device. 

These somewhat numerous requirements may be summarized 
into five main factors which should be considered in the selec- 
tion of automatic switching devices. These are: (1) Perfec- 
tion of service; (2) economical maintenance; (3) simplicity of 
design; (4) simplicity of installation, and (5) reasonable first 
cost. 

Where Most of the Operating Troubles Come From. A par- 
ticularly troublesome factor in connection with electric opera- 
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tion of switches arises from the switch pieces themselves. There 
are at least eight types of switch tongues which the mechanism 
may be required to operate. The tongues may vary in weight 
from 90 lb. to 240 lb. There are at least as many more methods 
of heel fastenings for switch tongues. It is obvious that the 
mechanism will work better with certain types of tongues and 
fastenings than with others. It follows that, in order to obtain 
the best results, some attention should be paid to the selection 
of the switch pieces with a view to securing those types which 
are the most reliable for electric operation. It will even be 
found advantageous to install the particular switch selected in 
all cases where electric operation is to be provided. 

It has also been noted that track switches which are elec- 
trically operated are subject to more abuse from the cars and 
require more attention for minor repairs, such as * * heel tighten- 
ing, '* straightening or ** shimming, ' ' than those not so operated. 
This is probably due to the fact that the cars are operated over 
them at greater speeds, since it is often unnecessary to stop the 
cars before passing over the special work. On the other hand, 
if the motorman must set the switch by hand, he must stop to 
do so and then he cannot do otherwise than pass it slowly. 
There are at least thirty different things which can cause fail- 
ures, making no allowance for car-operation failures (man-fail^ 
ure). A careful record should be kept of these in sufficient 
detail that repeated defects or faults will be noted promptly 
and steps taken to obviate them. It has been observed during 
a period of two years that the failures may be roughly placed 
in three general classes: (1) Mechanical, including only the 
failures due to faults in the track switch or associated therewith, 
such as loose or tight tongues, bent or broken tongues, loose or 
bent connecting rods and links, dirt or snow and ice in switch 
pocket; (2) Electrical, including all burnt-out magnet coils or 
relays or resistance tubes, blown fuses, wires detached from con- 
tactors, worn contactors, defective circuit changers, worn trolley 
wheels, and weak tension springs in trolley bases; (3) Operat- 
ing, such as fast operation under contractors, failure to use or 
not to use power at the proper time, failure to preserve proper 
distance from car ahead. The items of worn wheels and weak 
tension springs are really mechanical or equipment troubles, 
and failure due thereto must not be counted against the ap- 
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paratus. Of course operating failures are not apparatus fail- 
ures. The three groups described have been found to classify 
themselves into the following approximate percentages of the 
total ''failures" reported yearly: (1) Mechanical, 15 per cent; 
(2) electrical, 75 per cent, and (3) operating, 10 per cent. 

In connection with failures it may be said that the proper 
measure of electric switch performance is based upon the total 
number of car movements per failure without trying to classify 
the causes. Even this method admits of some discrepancy be- 
cause very busy switches are subject to excessive heating from 
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their almost constant use and extra trouble may be expected at 
such locations. 

When due consideration is given to the very onerous condi- 
tions under which electric switching devices are required to 
work, their performance in respect to reliability is truly re- 
markable. It has been observed that, upon one system having 
115 devices in service, the average number of operations or 
movements is 863 per switch per day. The greatest number is 
3026 and there are thirty-five which have from 1000 to 2000 
movements per day. All the others operate over 500 times 
daily. There are about 38,205,000 movements per year, and it 
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has been noted that performance records indicate failures due 
to defects in the device in proportion of one failure to over 
46,000 operations as an average for all the switches. On an- 
other road there is a record of 117,000 operations to one failure. 

The answers to a recent question in the American Electric 
Railway Association ** Question Box'' indicate that the electrical 
department of most companies assumes the maintenance of 
what may be considered the electric parts, beginning with the 
contactors at the trolley wire, and extending through the relay 
boxes on the pole to and including the actual magnet coils in 
the track box at the switch. The only work required of the 
track department is the adjustment and maintenance of the 
actual mechanical parts of the tongue switch piece. On one or 
two roads, however, the track department takes charge from the 
tongue switch up to and including the relay box on the pole. 
This is somewhat unsatisfactory, since it divides the responsibil- 
ity for electrical maintenance between two departments, lead- 
ing to trouble in placing responsibility for failures and conse- 
quent duplication of inspection and emergency calls. There is 
also a third party, namely, the transportation department, which 
must assume some of the responsibility for ** troubles,'' since 
failure to observe the rules on the part of the motormen can 
cause much trouble and damage. 

Automatic Switching at Terminals and Other Congested 
Points. There are locations on large city systems where car 
traflBc and street traffic are so heavy, and the track switches are 
so closely grouped, that it is impracticable to attempt automatic 
operation of the switches. These points of congestion will be 
found to have a car headway of from forty-five seconds to one 
and one-quarter minutes. In most cases the operation by switch- 
men is attended with difficulties, such as dodging cars and 
vehicles and at some personal risk. These cpnditions are over- 
come by the use of tower or curb control devices used in con- 
junction with the switch-throwing mechanisms of the automatic 
type. 

The tower control consists of a switch control cabinet and re- 
sistance board. The operator has in front of him in the tower 
an indicator board upon which is mounted a model layout of 
the track and switches, each model switch being electrically 
operated by contacts in the real switch into positions always in 
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correspondence with its own. Mounted on the control cabinet 
are control handles, one for each switch and numbered the same 
as the model switches on the indicator board. The handles have 
a rotary movement of about 60 deg., being locked in position by 
a simple latch which the operator must lift to move the handle, 
thus preventing unintentional movement. Each handle ope- 
rates a cam which in turn engages a swinging latch of a mag- 
netic blow-out, quick-break switch which makes and breaks the 
circuits to the Solenoids in the switch-throwing mechanisms in 
the street, throwing the switch in the direction in which the 
control handle is rotated. Wiring diagrams of tower control 
and curb control installations are shown in Fig. 20. 



In cases where the operator has many switches to handle it 
becomes advisable to lock the control handle so that it cannot be 
moved while a car is passing over the switch. This is pre- 
vented by installing two small contactors in advance of the frog 
on the wire. The first locks the handle by means of a small 
magnet mounted on the control cabinet and the second contactor 
unlocks it by similar means after the car has passed the switch. 
This is a simple form of interlocking, and the difficulties created 
by two-ear trains are now being overcome by a similar arrange- 
ment applied to the regular automatic devices. A wiring dia- 
gram showing how this is accomplished should be of interest. 
One is presented in Fig. 21. 

Apparatus for Operation of Derails at Crossings. A situa- 
tion somewhat analogous to the traffic conditions at congested 
points is found at busy surface crossings of steam and street 
railway lines. At these places, in addition to the crossing gat«s. 
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it is a safety requirement that the crossing be protected by de- 
railing devices. Where there is a man required to operate the 
gates, there is no added labor cost for operation of derailing 
devices. The electric switch mechanisms lend themselves read- 
ily to adaptation for this service. The control device as well as 
the operating mechanism is substantially the same, and it is 
only necessary to add a semaphore to complete it. 

The maintenance of electric switches, where there are very 
many to care for, will require the exclusive services of from one 
to five men. When their number reaches a hundred or more the 
latter number of men will have plenty to do as a rule, and they 
are provided with an automobile for quickly reaching trouble 
points and covering a large territory. In connection with main- 
tenance the following description of methods for overcoming 
troubles during the winter season is worth quoting. It is from 
an article by P. Ney Wilson, covering the practice on the lines 
of the Connecticut Company at New Haven. 

Preventing the Freezing of Electrically Operated Switches. 

The problem of preventing freezing of switches on the lines of the 
Connecticut Company is a difficult one on account of the wide variation 
of temperature and weather conditions. The New Haven lines alone 
have twenty-seven electrically operated switches and sixty patented 
spring boxes of various designs. Aside from salting, which is a com- 
mon practice, we find the following procedure very satisfactory. 

1. When new switches are installed at any season of the year, the 
tongue and heel tightening device is removed, oiled and carefully ad- 
justed, and the heel box is filled completely with oil-soaked waste. 

2. Electrically operated switches require regular inspection and ad- 
justment. A settling box is built under them, connected directly to the 
sewer. When the switch is installed in a water pocket a track basin is 
placed so that it will catch sand and dirt before it reaches the switch 
piece. Salting in snowy weather and oil in dry weather will keep these 
switches free for satisfactory service. 

3. "Anti-kick" spring boxes not equipped with a stuffing box are 
cleaned and oiled and then filled completely with oil-soaked waste plus 
a little salt. The waste is packed loosely around the working parts, 
and care must be taken that it does not interfere with their operation. 
This treatment applied twice during an ordinary winter will practically 
eliminate trouble due to freezing. 

4. In all spring boxes in which plunger connections operate through 
a stuffing box the tight compartment should be kept filled with com- 
pressor oil. 
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5. As to the salting of switches at night, we find that the sending 
of one or more cars over the lines is the cheapest and most effective 
method of keeping the switches free. These cars salt switches, run 
through all special work not in regular use and operate all automatic 
switches. 

A Reasonable Amount of Blaintenance Necessary. In con- 
clusion, it may be said that electric switching devices, like all 
other mechanisms, cannot be expected to work perfectly under 
all conditions and at all times. There are too many adverse 
factors constantly working to put them out of commission. It 
can only be expected that a fairly high degree of operating per- 
fection will be obtained, and the measure of success in this will 
be almost wholly dependent upon the care which is given to the 
apparatus by the maintenance organization. It must not be 
expected that the devices will maintain themselves. On the con- 
trary, they require that reasonable amount of inspection and 
adjustment which should be given to all mechanical and elec- 
trical devices. 
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OHAPTEB Vn 

ELEOTBIO RAILWAY POWEB PLANT AND ITS 

PEBSONNEL 

The power supply of an electric railway comes either from an 
electric power plant devoted exclusively to the individual rail- 
way's use or from a power plant carrying railway load as a part 
only of its total load, the remainder being lighting load and 
industrial power load for manufacturing purposes. While 
slightly more than one-half of the electric railways to-day get 
their power from plants devoted exclusively to their own use, 
and in fact owned and operated by them, the tendency is very 
rapidly growing to forego exclusive power supply and purchase 
from a power company. 

The forms in which electric power is generated for electric 
railway use are direct current at 550 and 650 volts, direct cur- 
rent at 1200 volts, direct current at 2400 volts, alternating cur- 
rent, three-phase at high voltage with substation transforma- 
tion, and alternating current high voltage single-phase with 
distribution to the overhead contact system without transforma- 
tion. The single-phase distribution just mentioned is in real- 
ity single phase distribution from three-phase generators in 
practically all cases to-day. 

Generation of three-phase current in this country is at 25 
cycles or at 60 cycles per second. Other frequencies are so 
rare as to be altogether negligible. This is by no means true in 
other countries. In England, for instance, there are four or five 
frequencies in common use. 

Until very recently alternating current for railway use, 
whether transmitted to converter substations or distributed to 
high-voltage, single-phase trolleys, was invariably generated at 
25 cycles. Lately, however, the 60-cycle, 550 to 650-volt rail- 
way converter has been developed and large amounts of power 
are now being generated at 60 cycles and transformed to direct 
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current for railway motor use. It is indeed the 60-eycle rail- 
way converter operating at 550 to 650 volts which is making 
possible the movement away from exclusive power generation, 
and the substitution for it of power purchased from the general 
power company. The general power company generates at 60 
cycles, since its load has been lighting and industrial power, 
and 60 cycles alone is a frequency suitable for lighting. Sta- 
tions generating at 25 cycles are therefore either those devoted 
to electric railway load or they are stations situated in those 
very large cities where the congestion is so great as to make 
feasible the entire transformation to direct current form before 
distribution of light and power to consumers' circuits. 

An Efficient Plant Is a Specialized Plant. So much for 
alternating-current generation and distribution. Of the forms 
of direct-current power, those at 550 to 650 volts, 1200 volts 
and 2400 volts, it may be said that they are generated in power 
plants devoted exclusively to railway use, the amounts of such 
power sold as a general supply for industrial purposes being 
so slight as to be quite negligible. 

Classifications of course cannot be made too rigid. There 
are, for instance, very many electric power plants in this coun- 
try with entirely distinct groups of generators devoted to the 
specific purposes for which they are exclusively fitted. Such 
plants constitute, so to speak, two or more generating stations 
under one roof ; they are not typical of modern practice. They 
are examples neither of the specialization which spells economy, 
nor of the wellnigh universal adaptability of the extremely 
modem stations which also spells economy. 

Direct One-Man Management Is Rare. Of the organization 
of the personnel of electric power plants it may be said that 
there is very wide variation when considered in any detail; 
standardization of such organization even along very general 
lines has as yet by no means come. It is doubtful whether any 
distinction could be substantiated between the organization of 
personnel in railway power stations and that in others. One 
very broad and significant generalization can however be made; 
the division by a sharp line between electrical and steam (engine 
and boiler room) responsibility. The four walls of a power 
station but rarely house an official fully responsible for both 
classes of apparatus and service. Of course responsibility for 
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these two cardinal services merges always somewhere in the com- 
pany organization in one man. Very nearly always, however, 
he is a man stationed among the other company executives. In 
all but really large companies, where complexity and differenti- 
ation of organization naturally multiply, he is almost sure to 
bear other executive responsibility also. Very often he bears 
very many other responsibilities, as general manager. Very 
often, too, in companies somewhat larger he is electrical engineer 
and is in charge of electrical distribution and often indeed of 
rolling stock also, although this last is certainly less common 
than formerly. Really large companies organize quite differ- 
ently, with much specialization as size increases. 

As for companies of average size, and even much less than 
average size, so sharp a distinction runs between immediate 
first-hand charge of steam and electric operation and mainte- 
nance control that there is but one answer. Men considered 
capable of ambidextrously handling both are scarce. The thin 
ranks of such men are growing nevertheless visibly larger. Why 
so? Well, it is a fact that the boys from the technical schools 
of fifteen years ago are boys no longer now. 

An electric power station has its chief engineer; it has also 
its chief electrician. These are not responsible one to the other. 
That is the point I have been making; responsibility merges 
above. A consequence is that chief engineer and chief electri- 
cian have their own separate organizations. It is largely so 
that this dualistic responsibility perpetuates itself. Power sta- 
tions are manned largely by men who grow up in power stations. 
A man grows up as a steam man or as an electrical man. After 
a while he gets to the top of the steam or of the electrical de- 
partment. Do I know that the water tender in the boiler room 
reads in his technical paper the circuit connections of a three- 
phase generator? I do know it. I am not writing of the power 
station a bit in the future but of the present-day power station. 

Organization Varies with Plant Gharacteristics. Of the de- 
tailed organization inside an electric power plant no standard- 
ized scheme can be drawn up. Certain very broad distinctions 
are however fairly clear. In all but very small plants there are 
electrical operators and electrical maintenance men. Rarely do 
electrical operators do repair work. On the steam side, how- 
ever, a watch engineer and a monkey wrench are much together ; 
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likewise a boiler room engineer and a tube cleaner. In quite 
large power stations it is true there is apt to be considerable 
distinction between plant operation and maintenance, with some- 
times an assistant chief engineer responsible for maintenance 
under the chief engineer, while the watch engineers, operating 
men, remain responsible directly to the chief engineer. 

A very important phase of the steam plant organization bears 
upon the relationship between engine or turbine-room force and 
the boiler-room force. At one end of the scale, that of the small 
plant, there is the engineer and the fireman or firemen, with 
nothing dubious as to who gives and who takes orders. But at 
the other end of the scale, the very large plant, the question of 
unity or cleavage of organization is sometimes decided one way, 
sometimes another. The question is whether the chief engineer 
deals directly with the boiler-room force or more or less through 
the ranking man or men of the engine room. Very rarely prob- 
ably does the engine-room man find himself unconcerned with 
certain features of boiler-room operating practice, such as bank- 
ing and starting up of boilers to suit the changing number of 
engine-room units in operation, the maintenance of uniform 
steam pressure, etc. Very often, however, no engine-room man 
is held in any way responsible for boiler repair work. 

A vast deal is written nowadays about the superior signif- 
icance of talent, real engineering talent, in the boiler room; 
that it is in the boiler room that plant economy is made or lost. 
We are told that in the boiler room is the opportunity for the 
big operating man; that there a man's work from hour to hour 
is worth amounts of money to his company so vast compared 
with his pay that his pay might be anything at all. We are told 
also that the increasing, very rapidly increasing, introduction 
of individual boiler units of very great size is rapidly putting 
this claim upon the basis of actual practice. We are told that 
the really .technical man is demanded; that this company or 
that company is going after graduates of engineering schools of 
rank and that in the boiler room such young men will do the 
thing as it should be done. This sounds well. The scheme is 
grounded in very excellent logic; but does it really work? 
Would such men stay, and if they stayed would they do what is 
expected of them ? In the first place there are a lot of things a 
technical man, a technical graduate, doesn't know. He knows 
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boiler operation, or if he doesn't he learns it very quickly and 
well. But maintenance he doesn't understand because a whole 
lot of it consists of ** tricks"; in other words, it is a tr'ade. He 
can learn that, too, but life is short and the American technical 
graduate rises all too quickly to wait for that. Before you can 
very well get track of some of them you find that they are run- 
ning power stations themselves. If that is so they must bluflE 
it just a bit for a while, you say? Well, yes, but then we said 
above that they are Americans, did we not ? 

Technical Men the Hope of the Boiler Boom. What then is 
the hope of the boiler room ? I really think it awaits the day of 
the thoroughly technical chief engineer. That day hasn't come, 
but it is coming. If a man knows the field intimately at present 
he knows that the full advent of the day is distant even yet. 
And the reason for this is simple, it will not be here until the 
older men have left the field. Even that will not be enough; 
men must be graduated in larger numbers than at present, and a 
greater proportion of those graduated must continue working as 
engineers. The young fellows who are in power stations now 
in capacities more or less vague and nondescript, and there are 
many of these but many more are needed, must stay and grow 
up and find themselves eventually in charge by a sort of in- 
evitable inheritance. Then, too, certain fast-vanishing preju- 
dices which now exist must be banished forever. 

And when the day comes when power plants, in practically all 
cases, are in charge of trained technical men, will economy have 
improved and if so how will it have been improved ? After all, 
the technique of power station operation is not of great com- 
plexity. Compared with a scientist's field the day's work of a 
power plant engineer may be arduous, but it is not complex. 
Indeed, its very simplicity is a handicap, for it can hardly at- 
tract the ablest men. Scarcely any of the essentially technical 
features of power generation are entirely outside the knowledge 
of men operating power stations to-day. They have heard of 
them at least, although their grasp upon the underlying prin- 
ciples may not be of the firmest. The chief difference is that in 
that future day the men running power stations, technically 
trained men, will more truly believe in these principles. They 
will believe them to be more worth while ; they will believe them 
to be more practical. Then, too, we must not forget that their 
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task of execution will be easier. If the chief takes to knowledge 
and ** drinks'' it, what will the **boys" be doing? 

Station Duties Differentiate into Boiler, Steajn and Elec- 
trical. But to come back to the power station of the present. 
On systems of size there is almost sure to be, on the electrical 
side, some sort of system operator or chief operator, distin- 
guished from the chief electrician and his direct organization in 
that they deal with electrical operation inside the station while 
he deals with the relation of the station to its external load, so 
to speak. 

On the steam side under the watch engineers and possibly tur- 
bine engineers in large stations there are oilers for the main 
units and often engineers and oilers for the steam auxiliaries. 
The details of organization depend very largely upon the de- 
sign of the turbine or engine room, that is, the proximity and 
accessibility of the auxiliaries from the engine or turbine floor. 
An important class of men, distinct in a large station, are those 
who take care of the maintenance of the auxiliaries of the main 
units. The need of such men is particularly urgent where very 
high vacuum is maintained in turbines provided with surface 
condensers and reciprocating dry- vacuum pumps. 

In the boiler room the simple organization of a small station 
changes considerably to a complexity in stations of very large 
size. Besides firemen there are sometimes head firemen who see 
that instructions are observed and the general level of skill 
maintained. Often the water level is not controlled by the fire- 
men but by water tenders. Over water tenders or head firemen, 
or both, there are sometimes boiler-room engineers, responsible 
as a general thing as operating men to the watch engineers of 
the turbine room or engine room. Of course, size of the plant 
is the chief factor. In many fairly large plants the chief en- 
gineer exercises directly many functions which in plants of 
very great size he exercises through subordinates. 

To discuss organization broadly is to note that it deals in 
simple manner or complex, depending on size of plant, with the 
sorts of energy transformation and the apparatus by which the 
transformations are accomplished. In a steam-operated plant 
there is one beginning but there are two endings. The begin- 
ning is the coal handling. One ending is the removal of the 
ashes, the other is the delivery of the electric energy to the 
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transmission lines. Many sorts and kinds of apparatus make 
up the total. To enumerate briefly the principal links we find 
coal hoists, coal crushers, coal storage plant, facilities for coal 
delivery to the boilers, coal feeding into the boilers, coal-com- 
bustion appliances and aids, the stacks, flues, economizers and 
other appliances for caring for the products of combustion, the 
ash-dumping and ash-removal facilities, boilers for steam gene- 
ration, superheaters for the increase of efficiency, feed-water 
pumps and heaters, feed-water purifiers, steam piping, main en- 
gines or turbines with their auxiliaries, condensers, condensing- 
water pumps, air pumps, oil pumps, electric generators, oil 
switches, switchboard control, electrical measuring instruments, 
outgoing feeders. All of these present their problems for or- 
ganization aside from their problems of operation. 



CHAPTER Vm 

THE TESTING OBGANIZATION OF ELEOTBIO 

BAILWAY8 

In considering the work of a testing department the first ques- 
tion which merits discussion is whether or not such a department 
is worth while and economical. To justify itself it must result 
in the more systematic and efficient handling of certain things 
which are indubitably worth while. 

The tendency of the times is to make tests. When it is de- 
cided that necessary or desirable tests shall be made with fre- 
quency, a testing department is created ; until then, such tests as 
are made are handled by outside laboratories. 

Electric railway tests, like all others, may be classified as those 
which are necessary and those which are desirable. Of neces- 
sary tests, practically all electric companies, railway or other- 
wise, are agreed that watt-hour-meter calibrations shall be so 
classed. The division line between necessary tests and desirable 
tests is an extremely elastic one. 

If a testing department exists the tests which are considered 
either necessary or desirable, and, being so considered, are made, 
depend really very intimately upon the relationship of the testing 
force to the departmental organization of the corporation. Tests 
might, for instance, be very closely associated with purchases. 
Where this was true the testing organization would be intimately 
connected with the purchasing organization. On the other hand, 
tests made on materials purchased are much more likely than not 
to be made on materials bought under technical specifications: 
i.e., engineering specifications. Such specifications are naturally 
prepared by the engineering department or departments. Thus 
a natural link is at once found between the testing organization 
and the engineering organization. 

Modern testing, of course, is an engineering matter. As a 
matter of fact, it is now fairly established as a branch of engi- 
neering. I need only point out that one of the great national 

engineering societies, the American Society for Testing Materials, 
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is one devoted specifically to testing. So a testing organization 
is almost sure to be an engineering organization, manned by 
engineers. In an overwhelming majority of cases the testing 
organization of any corporation constitutes a part or branch of 
one or more of the engineering departments of the corporation. 
It might be thought that if there are more or less sieparated 
engineering departments in a large organization the testing force 
would in some way be equally associated with or related to them 
all. Such would, indeed, be the logical arrangement. 

Tests may deal with materials or machines. The distinction is 
quite real. There is, for instance, the American Society for Test- 
ing Materials, cited above, but as yet there is no national society, 
concerned particularly with the making of tests on machines, and 
perhaps there never will be. There are, instead, the codes of 
several national engineering societies dealing with the methods 
of making tests on some of the important classes of engineering 
apparatus. For instance, there are **the powter-test code," 
adopted by the American Society of Mechanical Engineers, and 
the '* standardization rules'' of the American Institute of Elec- 
trical Engineers. 

Among other broad divisions into which the work of a testing 
organization of an electric railway may be classed, so far as new 
material and apparatus are concerned, these three seem perti- 
nent; first, continuous supplies; second, apparatus installed for 
extensions and betterments, purchased under guaranteed-per- 
formance specifications, and tested for acceptance; third, mate- 
rials and apparatus on trial. 

Of the first class a long list might be written, but some very 
common illustrations are coal, oil, condenser tubes, boiler tubes, 
incandescent lamps, trolley-line material, car wheels, axles, bolts, 
cement, paint, etc. In the second class a partial list including 
turbines, condensers, boilers, automatic stokers, centrifugal 
pumps, blowers, static transformers, rotary transformers, cir- 
cuit breakers, high-tension cables, etc., might do. Of the third 
class, coals and oils other than those which have been customarily 
used, all sorts of steam specialties, lightning arresters, rail bonds, 
and many other things, might be mentioned as illustrative. 

Deterioration Tests Another Function of the Testing De- 
partment. Another large field of work for the testing force is 
in inspecting material and apparatus during manufacture. In 
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some of the most advanced organizations this work receives great 
prominence. As an important contribution along this line I 
would cite the paper entitled ** Testing Is Not Inspection," by 
W. A. Aiken, read at the annual meeting of the A. S. T. M. in 
1908. 

Another class of work for the testing organization is in making 
tests to detect deterioration of the efficiency of apparatus which 
has seen considerable service. Such tests are of much aid in 
securing reasonable maintenance of the original efficiency of the 
apparatus throughout its life. Such tests, for instance, might 
show that the blade clearance of a turbine has increased and tur- 
bine castings become warped, both contributing to higher steam 
consumption ; that pump impellers and casings have suffered ero- 
sion, with resulting falling off of efficiency ; or that engines have 
developed valve and piston-ring leakage, clearly evident in indi- 
cator cards systematically taken and analyzed. 

A still further field for the department is in tests made on 
apparatus for the detection of developing obsolescence. This is 
intimately related to the evolution of more highly efficient forms 
of apparatus designed for the same work. As illustration, the 
ageing of transformer iron may be cited, with its effect on sub- 
station efficiency, or as measured by uneconomical iron losses 
where potential is continuously maintained regardless of load. 
Still another illustration is in the detection of increasing current 
transformer errors due to ageing of iron, with its effect on watt- 
hour-meter registration. 

Tests Belated to Improvement of Operating Conditions. 
Among the lines of work for the testing department which are of 
importance are those which deal with studies of operating meth- 
ods, for instance, in power-station work there are tests made 
for the purpose of revealing those operating methods which will 
yield high efficiency under fundamentally controlling conditions 
of operation; that is load factor, extreme range between maxi- 
mum and minimum loads, etc. Take, for example, the matter of 
banking boilers. This operation involves losses, but, depending 
upon the furnace equipment, some boilers will give astonish- 
ingly high over-all efficiency when steaming at low rates. These 
same boilers may show a falling off in efficiency to disappoint- 
ingly low, but nevertheless legitimate, values in hours of heavy 
peak loads. 
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Merging closely with the above are studies which attempt to 
show the operating conditions and methods which will bring 
about the ultimate desideratum of power-plant economy ; that is, 
such operation as will cause the summation of the fixed capital 
charges and the operating charges to be a minimum. 

For instance, it does not at all follow that a turbine should be 
operated at its most economical water rate. Important papers 
on power-plant operation, based upon a realization of all these 
general principles, have been read before some of the national 
engineering societies, and certainly in the future this sub- 
ject will receive a great deal more detailed attention than for- 
merly. 

Another set of general tests includes those designed to give 
clear-cut information as to the methods of operation and main- 
tenance which will favorably affect the heat balance of the station 
as a whole. For instance, there is the important problem of 
exhaust steam from auxiliaries; that is, as to the excess or defi- 
ciency of it, and the action taken regarding such excess or defi- 
ciency. In many stations to-day provision has been made for 
the connection of the auxiliary piping system, not only to the 
feed- water heaters but also to the low stages of one or more tur- 
bines, thus allowing considerable practical control of the heat 
balance. 

Certain variations in operating procedure are dictated by sea- 
sonal variations throughout the year. Two sources of heat sup- 
ply (when the heat balance is rigorously considered) fluctuate 
very greatly with respect to entrance temperature throughout 
the year, namely, the feed water as taken from the city mains, 
or other outside source, and the intake circulating water. The 
feed water, in so far as it comes from an outside source, is able 
to absorb a far greater quantity of exhaust steam in the winter 
than in the summer; and similarly the seasonal variation in in- 
take circulating water is so great as to make large changes in 
the quantity of circulating water which are most economical in 
winter, on the one hand, and in summer on the other. 

Routine Testing of Water and Other Power Plant Elements. 
Apart from tests and studies which have classifications- such as 
outlined above, there are in the modern power station certain 
tests which do, or should, constitute essential parts of daily oper- 
ating routine. 
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Foremost among these are tests which deal with water treat- 
ment. Where turbines are used, it is only under rather extreme 
circumstances that surface condensers are^ not used. The only- 
justification for surface condensers is the use of the condensate 
as feed water. Where feed water has to be purchased from a 
municipality, the potential saving in the use of the condensate 
from surface condensers becomes enormous; so large that to 
forego it is prohibitive. 

The use of condensate from surface condensers, however, in- 
volves many a problem. Except where the power station is so 
fortunately situated as to have unusually good condenser circu- 
lating water, I do not think it is possible to continue long the use 
of water from the hot wells of the condensers as feed water un- 
less such use of it is controlled throughout by daily laboratory 
tests. Condenser tubes will develop leaks, and, as such leaks are 
the result of attack of the circulating water on the tubes, water 
so leaking becomes a contaminating influence in the feed water, 
and will cause trouble if not controlled. 

Tests for Impurities in Condensate and of Conditions in Con- 
denser. The sort of tests which in the aggregate constitute a 
system of adequate control is an extensive subject in itself. Cer- 
tain fundamentals, however, can here be set down. When the 
tube leakage in any one condenser has become too great the entire 
hot-well water from that condenser must be thrown away until 
such time as the condenser can be shut down and repairs made. 
While it continues in operation with its water so contaminated 
by condenser-tube leakage as to prohibit its use as feed water 
an equivalent feed-water supply must be obtained from the al- 
ternative source, in general from a municipality, at a rather high 
cost per cubic foot. 

The water from the mains of a municipality seldom constitutes 
an ideal boiler feed water ; in other words, it compares unfavor- 
ably with the hot-well water from a condenser in which the leak- 
age is slight, or even negligible. Therefore, it becomes a prob- 
lem of correctly establishing the standard of allowable leakage 
through the condenser tubes into the hot well, after which the 
hot-well nvater will be temporarily thrown away. 

Next in the order of these problems is that of scale prevention. 
The hot-well water will normally come to the feed-water heaters 
with certain amounts of condenser leakage water in it, as outlined 
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above, and will consequently, in practically every case, be a 
scale-forming water. So also, in general, will be the water taken 
from the municipal mains or other outside sources. Prevention 
of objectionable scale is a necessity, and laboratory tests of some 
sort are essential to control the water treatment, whatever the 
treatment may be. After the water has been treated with rea- 
sonable satisfaction in this respect, it may, as a result, be of such 
nature as to induce priming. Hence, water tests for the specific 
purpose of avoiding priming difficulties become quite as essential 
as those which deal with the scale prevention treatment. 

Among the tests which are practically essential parts of daily 
operating routine are those connected with the maintenance work 
involved in maintaining first-class vacuum on large turbines. 
The last quarter-inch of vacuum obtainable in turbine practice 
is of the most urgent importance. The items which should have 
daily watching and control by tests are the adequacy of flow 
of circulating water, the air leakage, and the efficiency of air 
removal. 

The adequacy of flow of circulating water is affected by the 
obstructing material which may have accumulated in the water 
boxes because it was not entirely caught at the intake screen. 
Daily tests should therefore be made to determine the temperature 
rise of the circulating water, which data in connection with simul- 
taneous turbo-generator load data suffice for calculating closely 
enough for the purpose the quantity of water circulating. This 
will be found to undergo quite marked reduction between inter- 
vals of water-box cleaning or condenser-tube scraping. A fixed 
schedule for such work is not satisfactory because obstruction due 
to accumulating trash is itself irregular, due very largely to the 
effect of weather conditions on the source of condensing-water 
supply, usually a river. 

The air leakage into a condenser due to obscure causejs is vari- 
able, and quantitative measurements are an aid in the general 
work of vacuum maintenance. Some years ago, in lai^e power 
stations, the practice of using the device shown on page 132 be- 
came rather general. It embodies the principle of a gas holder 
or tank. The air, leaking into a condenser and withdrawn by a 
reciprocating dry-vacuum pump, is discharged into the device, 
causing its movable element to rise as the air accumulates in it 
above a water surface. The time of rise is measured with a stop- 
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watch, and the quantity of air is calculated in cubic feet per 
minute, or other convenient unit. The power stations which 
have adopted this practice look upon it as well-nigh revolution- 
izing the problem of insuring that their condensers are free from 
objectionable air leakage. Such a device can be used immedi- 
ately to render large air leakage evident. 

There is, however, another aspect which perhaps has not had 
quite such general recognition, namely, the effectiveness or effi- 
ciency of air removal. All of the air which leaks into any con- 
denser is removed by the air pump, otherwise there would be an 
accumulation of air in the condenser, and the unit would soon 
go to high pressure. To show what is involved in effective air 
removal it is only necessary to name the means used to measure 
it. To this end the valve in the air suction line between the air 
pump and the condenser is closed, and a reading is taken of the 
vacuum which the pump is able to **pull down'' against the 
closed valve. If the pump is in proper operating condition it 
will naturally '^puU down" a very high vacuum. Often enough, 
however, it will do nothing of the sort, and maintenance or repair 
work is accordingly at once indicated as urgently necessary on 
the pump parts themselves. 

Some Factors in BSaintaining High Vacuum. Some very in- 
teresting relationships exist, indeed, between the effectiveness of 
air removal, the quantity of air leaking into a condenser (and 
hence removed actually by the pump), the vacuum accordingly 
maintained in the condenser, and the type of air pump. There 
are on the market several kinds of air pumps embodying the 
ejector principle, and so constituting a radical departure from 
the old-line reciprocating pumps. Among these types great dif- 
ferences exist, as can be seen from curves plotted to show the 
vacuum possible to maintain in a condenser under given condi- 
tions of turbine load, circulating-water temperature and quan- 
tity of flow, in terms of the quantity of air leaking, and accord- 
ingly removed by the pumps. 

Most reciprocating pump equipments in actual service are 
really of greater capacity than is ordinarily recognized. When 
such pumps are so maintained as to give effective air removal 
they will take out of a condenser the quantity of air leaking into 
it with such relative ease as to make the extent of air leakage of 
rather secondary importance. That is to say, if a reciprocating 
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air pump is kept in fine mechanical condition one need not worry 
greatly over the quantity of air getting into the condenser. 

With certain ejector pumps, however, the operating charac- 
teristics seem quite different. The vacuum which can be main- 
tained in the condenser itself is not only a definite but one might 
say that it is a considerable function of the quantity of air leak- 
ing into a condenser. In such cases great care needs be taken to 
keep the condenser air leakage down to a low minimum if the 
pump has small capacity. If it has large air-removing capacity 
it is apt to make considerable power demand. 

Attention may also properly be called to the fact that it is 
with just this sort of equipment that no effective device has as 
yet been developed which will permit of measurement of the air 
leakage in absolute terms. • This, however, is not such a great 
disadvantage as might be supposed, because it is still possible to 
judge the condition of such an ejector pump by measuring its 
vacuum-pulling ability against a closed suction valve, and imme- 
diately afterward the vacuum which it can maintain when ac- 
tually removing air from the condenser. 

The rather steep line, previously referred to, connecting its 
vacuum-pulling ability with the quaatity of air removed, suf- 
fices to determine whether the air leakage into the condenser is 
moderate or whether it is large, and thus needs work to bring it 
down again to moderate values. 

Tests of Boiler Operation. An extremely simple matter which 
can be controlled by daily testing and which relates to one of 
the most fundamental and by no means negligible sources of loss, 
of power station efficiency is the determination of the combus- 
tible matter in the ashes. Undoubtedly many power stations are 
following this matter up, as the relationships between true ash 
in the coal, combustible in the ashes as dumped, and resulting 
loss of potential heat are well understood. 

Of great importance, also, although not so obviously connected 
with testing, is insuring the cleauliness of the heat-absorbing 
surfaces across which the gases from the furnace flow and through 
which the heat is transmitted to the boiler water. As, however, 
the fluctuations in gas temperatures leaving the boiler are given 
more attention than formerly, and very frequently are recorded 
automatically, it generally follows that a testing force becomes 
considerably involved in such studies. 
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In this connection it certainly would not do to omit some men- 
tion of the determination of the composition of flue gases. A 
few years ago the writing of papers on this subject amounted to 
nothing less than an epidemic. If we could gather statistics 
showing what young men in testing work in power stations really 
are doing probably the time spent analyzing flue gas or adjusting 
apparatus which itself automatically analyzes flue gas would 
appear high up on the list. 

Calibration of the Watt-Hour Meter Hay Produce Large 
Cash Savings. Turning attention to the tests which may really 
be called essential for power station operation, we are confronted 
first by watt-hour-meter calibrations as mentioned earlier. In 
many cases, increasing in number, the corporations owning 
power stations are dependent for their fundamental income upon 
the accuracy of watt-hour-meter registration. In most electric 
railway power stations watt-hour-meter registration accuracy 
still affects only the accuracy of certain statistics, such as the 
economy figures of the power station itself, the energy consump- 
tion of the rolling-stock per ton-mile, figured from the power 
station switchboard, etc. But more and more every year the 
registration of watt-hour meters measuring energy supply for 
railway use is intimately related to cash payments, as the gen- 
erating end bills the railway for energy as if it were a separate 
organization. 

Probably accuracy of registration of railway watt-hour meters 
in service averages lower than in lighting or industrial power 
service because of the more violently swinging character of rail- 
way loads. Large railway, power systems naturally suffer less 
from this handicap than small ones, but large systems are in 
general worked with substations, and the substation load is 
usually marked by severe fluctuation. Naturally this is true in 
a special degree where subway or elevated train loads are car- 
ried. The testing force of a railway power company therefore 
finds itself concerned with the problem of overcoming the handi- 
cap and attaining high accuracy in watt-hour-meter calibration. 
Quite special instrumental means and methods have accordingly 
resulted. 

Insuring Accuracy of Switchboard Instrument Measure- 
ments. In a more general way the electric plant tests, which 
may be considered in the strictly necessary class in that they are 
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either taken care of by an organized testing force or at less fre- 
quent intervals through the agency of outside testing organiza- 
tions or departments of manufacturing companies, are those 
dealing with calibration and repairs of the switchboard indicat- 
• ing instruments. Where there is an organized testing force this 
work on a large system is apt to keep several men fairly busy. 
The work requires considerable skill if it is to be done efficiently, 
that is, at lower cost than that involved in having it done by the 
repair departments of the manufacturing companies. 

The requisite skiU of the men varies naturally with the type 
of instrumental equipmeut, some makers using much more deli- 
cate construction than do others. As a general proposition, 
however, on systems of ordinarily large size really high mainte- 
nance standards can be obtained far more cheaply if the instru- 
mental repair work is done by a testing force. Such repair work 
is so closely connected with calibration, that is, work in which 
errors are detected and corrected without the necessity of repair- 
ing broken parts or replacing them with new parts, that the two 
kinds of work are generally done by the same men. The instru- 
ments requiring this sort of attention on an a.c.-d.c. system in- 
clude ammeters, voltmeters, static voltmeters, synchroscopes, fre- 
quency meters, indicating wattmeters, etc. 

Calibration of Ammeter and Other Shunts. An organized 
testing force is apt to find itself pretty intimately concerned 
with the measurement of the ohmic resistance of meter shunts. 
Such shunts are subject to incidental deterioration. Now and 
again such a shunt will be overloaded and the avoidance of such 
overloading may temporarily be impossible. It may as a result 
suffer change in resistance. 

More serious than this, however, because more likely to occur, 
is possible change in resistance due to handling during installa- 
tion. Ammeters working on shunts are, of course, in reality 
millivoltmeters, and the nominal potential for full scale deflec- 
tion is generally on record expressed in terms of millivolts. Am- 
meter calibration itself therefore resolves into nothing more than 
the calibration of so many millivoltmeters. It is idle, however, 
to work upon this basis unless it is really known that the shunt 
resistances either actually have their nominal values or some 
other values which may be looked upon as substantially fixed 
for reasonable intervals. 
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I am speaking, of course, of those systems where effort is made 
to attain thorough-going accuracy founded upon a substantial 
basis. In this connection, however, it is worth while to point to 
the increasing use of the mercury type of watt-hour meters. If 
charges between one electric company and another or an electric 
power company and a railway company are to be based upon 
mercury-type watt-hour meters the resistances of the shunts 
ought to be measured in situ. This measurement of the resist- 
ances of shunts after installation is somewhat difficult and com- 
plicated. In large stations or substations it is a matter needing 
not only proper instrumental testing equipment but considerable 
skill. 

Tbere Is Work on Gages to Be Done Also. Turning to the 
steam plant, and considering tests which may be called necessary, 
the pressure gages naturally come in first for attention. There 
are indeed other ways for a manager to be assured that steam 
pressures are really what the station log indicates than to have 
a testing force to calibrate steam gages. But it is true that in a 
large station where there are many gages the average of accu- 
racy is apt to be low unless an organized testing force is looking 
after them. 

If such gage testing is done it is naturally done all along the 
line — ^water gages, air pressure and draft gages, vacuum gages, 
etc. In a large station with considerable instrumental equip- 
ment, maintenance and calibration of such instruments have just 
about the same status as in the case of electrical instruments. 
That is, to a considerable extent repairs are made by the testing 
force, and the general maintenance of instrumental accuracy 
where repairs are not necessary provides a considerable amount 
of work. To specify definite instruments may seem to be criti- 
cising certain of them, but broad experience will not lead to such 
a deduction. If there is a plentiful supply of steam-flow meters, 
recording pressure gages and thermometers, not to speak of 
CO2 recorders, there is apt to be plenty of work. 

Adjustment of Belays Naturally Falls to the Testing De^ 
partment. A somewhat different viewpoint in considering the 
testing department from any of the above may be had by con- 
sidering certain apparatus, and the adjustments and tests made 
upon it relating to automatic handling of emergency conditions. 
Going back to the electric plant, an extremely important case in 
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point is that of relays operating oil switches of the high-tension 
system. The practice of different operating companies seems 
to vary very widely with respect to the underlying ideas upon 
which relay adjustments are made, and there is also much varia- 
tion in the plans used to insure reliable operation. Companies 
differ also in the extent to which they have pushed experimental 
investigations along this line. 

Where there is a testing force it naturally handles the matter 
of relay adjustments. The ease, accuracy, and reliability of such 
work have been increased in recent years by the development of 
a device which uses the cyclic variation of current of an alter- 
nating system as the quantity against which the operation of 
relays is checked, rather than against time measurements with a 
stop-watch. In using this plan it is only necessary to see that 
the frequency of the system at the time of making adjustments 
is substantially normal. 

Adjustment of relays with a stop-watch is unsatisfactory be- 
cause the only truly significant thing about relay action is how it 
acts when the actuating current is large. When it is large the 
relay action is quick and the time interval so short as to render 
stop-watch measurements unreliable. With a cycle counter ac- 
curate measurements of very quick relay action are at once 
attainable. Hence it becomes possible to adopt adjustment 
schemes which not only make provision on paper for properly 
selective action between relays on different parts of the power 
transmission circuits but which actually allow of the attainment 
of such selective action. 

In practically all inverse-time relays in actual use at the pres- 
ent day, excluding only certain very old types, the relations 
between time and current are very definite. These characteris- 
tics are more flexible than are sometimes supposed. A well- 
designed system for the several relays at different parts of the 
power transmission circuits will show provision for selective ac- 
tion based upon a given margin of relay reliability at any cur- 
rents within the limits of possible action. It will also include 
in its provisions the time required for the successive operation 
of oil switches as distinguished from relay operation. All this 
can be shown in a group of curves. 

The testing force making relay adjustments will work with 
these curves so that, although the testing loads during successive 



94 POWER GENERATION 

calibrations may not for one reason or another always be iden- 
tical, the adjustments given the relays will be such as will make 
them operate in a definitely known manner. The need for, and 
the great operating benefit derived from, accurately working 
selective relays on a complicated system is such that a testing 
force engaged in the work of adjustment is used also to keep 
track of the maintenance of adjustment in a systematic and rou- 
tine manner. 

To take an illustration from the field of matters more or less 
akin to the above discussions of electrical maintenance, let us 
consider the subject of safety valves. Safety valves, whatever 
else they are, are mechanisms of sufficiently complicated princi- 
ples of design to give them in certain service characteristics not 
widely appreciated. Ordinarily one thinks of ** popping pres- 
sure" and *' blow-down" as about the whole safety-valve story, 
but a testing force can sometimes reveal unexpected limitations 
of types a bit antiquated, indicating the desirability of modern- 
ization. 

The Organization of the Testing Department. With respect 
to organization of the testing force, its three divisions are mani- 
fested at once. Incidentally they follow rather inevitably the 
broad division lines which appear in the field of engineering 
education in so far as that field has direct relations to power 
plant service. 

The young men engaged in testing work are, generally speak- 
ing, graduates of engineering schools. Probably no such testing 
force is, however, exclusively composed of such men. The schools 
turn out among others graduates in electrical engineering, in 
mechanical engineering and chemistry or chemical engineering. 
The testing work of such power plants naturally falls into these 
three classes. There is no small amount of interchangeability 
between the electrical and mechanical engineering graduates, 
since all electrical engineering courses teach much concerning 
mechanical engineering and mechanical engineers are taught a 
whole lot about electrical engineering. This interchangeability 
is such as to be able to bear considerable strain in actual service. 
Exigencies of organization building and the natural capabilities 
and adaptabilities of individual men, which after all override 
any rigid educational demarcation lines, bring about now and 
then applications of this sort of strain. The writer once had 
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simultaneously, for instance, an electrical engineering graduate 
in charge of steam testing and a mechanical engineering grad- 
uate in charge of electrical testing. 

In the line of chemistry interchangeability hardly works. 
Electrical and mechanical engineers are taught chemistry but 
they are not chemists. In the testing work of a small or .mod- 
erate size electric power plant a man not a specifically graduated 
chemist often does sufficiently well, but in the more highly spe- 
cialized work of really large plants no great success could be 
expected. Much of the testing work of a mechanical nature 
around an electric power plant is fairly simple, but some is not. 
Where any approach to general quantitative analytical work is 
made a real chemist is required. 

The writer ventures to predict that in the not distant future 
another branch of the engineering educational field will be 
tapped in manning the testing force of large electric railways, 
that of metallurgical engineering. The extension of the metal- 
lurgy of steels in recent years, for example, has been very rapid. 
Likewise, special steels have been developed for special uses and 
complicated heat treatment is given to such steels during their 
manufacture and afterward. There is a growing recognition of 
the value of inspection during purchase of large orders, and a 
general extension of research in industry. The rapidly extend- 
ing use of metallography in such work will demand the service 
of young graduates of the metallurgical schools. 

It would also seem possible that the testing work of electric, 
railways will find place for another branch of engineering, if 
such it may be really called, efficiency engineering. Of course 
all engineers think of themselves, let us hope rightfully, as in 
some degree efficiency engineers. Further, it is only too well 
known that many rather ill-advised activities of so-called effi- 
ciency engineers have been such as not to commend themselves 
to the practical minds of many very capable executives — and 
electrical railway executives on the whole are very practical. 
Still there does seem hope that the wisest among efficiency engi- 
neers will overcome the fairly justified prejudice with which a 
good many of the cult are now viewed, and we may find some 
young representatives of the class substantially established 
among the others in the prominent testing organizations in the 
electric railway field. 



OHAPTEK IX 

TESTING AND TREATING POWEK PLANT FEED 

WATEK 

In this and succeeding articles we shall deal with the raw 
materials of the power plant, in this one with water. In line 
with strictest logic water cannot be called such because kinetic 
energy in electric form is the one finished product, and potential 
heat of the fuel (its B.t.u. content), is the one raw material. 
The very strict logician would even find fault with this state- 
ment, reminding us that potential heat, while a very real entity, 
is not a material substance, raw or otherwise. Such a logician 
would also tell us that even a hydro-electric plant converts, 
fundamentally, the potential energy of the water into ki7ietic 
energy in electric form. He would bring out that in both the 
steam driven plant and the hydro-electric plant, water serves as 
a material medium for energy transformation, and in both plants 
all of the water that enters leaves again as water. Even in the 
steam plant water, inanuf actured if you like into steam, is in the 
end reconverted into water. 

But putting aside such fine distinctions, and thinking only of 
the steam plant, let us consider some of the problems with which 
plant operators are faced due to the numerous and all-important 
ways in which water, by changes of state and of temperature, 
serves its purposes in the production of kinetic energy in electric 
form. 

Impurities in the Water Are Sources of Preventable Trouble. 
These problems raised by water handling are chemical problems. 
In many ways hydraulic engineering problems are real enough in 
steam-electric plants. They are not entirely problems of the de- 
signing engineer either, although very often if he would give 
them more attention as technical hydraulic problems the operat- 
ing man would get a few additional credits in the station ther- 
mal-efficiency accounts. But the operating man is faced con- 
tinuously with some all-important chemical problems due to 
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water. If water were just water these problems Would disap- 
pear ; but all water in the power plant has contained in it other 
substances in solution or suspension, and they make the trouble. 
Even hot-well water in the act of condensation absorbs gases. 
Thus the power plant engineer's chemical problems are ever 
present. 

Power plant water will corrode, it will scale, it will prime. It 
has to be kept from doing all three things, or so nearly kept 
from doing them as to make their evil effects of small conse- 
quence. There is still room for the better accomplishment of 
this even in the best operated of present-day power plants. 

Water may corrode condenser tubes, ferrules, tube sheets, boiler 
tubes, boiler drums and internal feed pipes. Condenser circu- 
lating water is all too often corrosive, in fact is usually so. It 
is used in such vast amounts that correction of its corrosive prop- 
erties is absolutely prohibitive in cost and is never attempted. 
Sole reliance is placed on selection of metal for the tubes, fer- 
rules, and tube sheets of condensers which will be least affected 
consistent with reasonable cost. But in connection with the re- 
quirement last mentioned it must be remembered that the cost of 
condenser tube corrosion is all too often entirely unreasonable, 
so that any costly tube which would stand up would be cheap 
in the end. 

The corrosive properties of the feed water can be controlled ; 
so also can its scale-forming properties and likewise its priming 
properties. With proper handling of these three the boiler- 
room-water chemical problems, at least, are solved. 

Water * ' Concentration ' * in the Boilers Must Be Kept Down. 
Boiler water will not corrode if it is alkaline, but not too alka- 
line. It will not scale if its sulphates are converted to car- 
bonates. It will not prime if undue concentration of feed 
water is prevented in the boiler drums. This last point is of 
very great importance. To hear some power plant engineers 
talk one would think that they ran their plants on two separate 
and distinct kinds of water, namely, condenser circulating 
water and boiler feed water. Instead they actually use three 
separate and distinct kinds of water: condenser circulating 
water, boiler feed water and concentrated water inside the 
boilers. 
A natural question at this point is: How much does boiler 
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water concentrate? The answer is furnished by noting how 
much water the boiler-room engineer blows out of the boilers 
through the blow-oflfs, or how much leaks out through leaky 
blow-oflE valves in addition to the water which is intentionally 
blown off. If it amounts to 5 per cent the station thermal ef- 
ficiency account must be looked into, and, of course, the cost ac- 
count also. If as little as 1 per cent, high concentration in the 
boiler water, with its baneful effects, may be expected. 

Watch the Sodium Ohloride of the Concentrated Water. 
Now the simplest of all means exists, if chemical test facilities 
of very elementary sort are available, by which the power plant 
engineer may determine very accurately the percentage of feed 
water blown off (or blown off and leaking away combined) or 
its reciprocal, the concentration of the feed water in the boilers. 
Practically all power plant water contains common salt, sodium 
chloride. Sodium chloride does not undergo any changes in the 
actions and reactions which make other chemical substances in 
the water the source of so much power plant trouble. There- 
fore if the amounts of sodium chloride in the concentrated water 
of the boilers and in the feed water are determined the one fig- 
ure will be much higher than the other and the ratio will be the 
ratio of concentration of the boiler water compared with the 
feed water. Its reciprocal, expressed as a percentage, will be 
the percentage of water blown off (or blown off and leaking 
combined) . Right here it may be noted that if track is kept of 
the water intentionally blown off the difference between the per- 
centages determined as above will be a direct and very excellent 
measure of the quantity leaking through valves which need re- 
pair. 

Feed Water Analysis Is Not Enough. The problems of cor- 
rosion prevention and scale prevention are jointly handled by 
maintenance of proper alkalinity. However, there is much con- 
fusion and misinformation on this subject. It is usual where 
water treatment is undertaken to base the treatment on analysis 
of feed water and to **let it go at that." 

Such procedure is wrong, as can be illustrated in this way. 
One does not run an automobile rapidly down a straight road 
by manipulating the steering wheel so as reasonably to insure 
that the plane of the front wheels is parallel to the length of 
the car, taking the worm gear and sector, reach rods, etc., all 
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into due consideration. One keeps his eye fixed down the road 
ahead, and the steering wheel is moved a little this way and that 
so that the sides of the road, as they seem to speed past, make 
no objectionable approaches to nor recessions from the car. In 
short, one's attitude is pragmatic, and so it should be with water 
treatment. 

Analysis of the feed water, elaborate or otherwise, is the 
proper step for a beginning. A decision must first be. reached 
as to what should be used as treating agents. The analysis, 
elaborate or otherwise, might almost as well be qualitative as 
quantitative, and the result will indicate what should be used. 
This should be used as the automobile is steered. The concen- 
trated water in the boilers should be examined, tested, analyzed. 
This will show when too little or too much of the one or more 
kinds of treating reagents is being used, so that proper cor- 
rective action can be taken. This will furnish a safe guide. 
If one bases quantities of reagents on analyses of feed water, in 
ninety-nine cases out of a hundred he will be fooling himself, 
as he might do also by watching the feed water after the re- 
agents are in the water but before the water is in the boilers. 
It is the concentrated water in the boilers which must be 
watched. 

Power plants naturally differ enormously in the variable fac- 
tors entering the water treatment problem. Electric railway 
power plants have a proverbially variable load. Most of them 
are now steam turbine stations and most steam turbines work 
with surface condensers. If the condenser circulating water is 
in any way bad the tubes will ledk and contaminate the hot-well 
water. The sodium chloride content of the contaminated hot- 
well water again furnishes the control guidance. 

Make-Up and Circulating Water Must Be Analyzed Also. 
Below a certain limit of salinity the hot-well water is good for 
boiler feeding ; above a certain limit it is unsuitable. The limit 
of salinity above which the contaminated hot-well water is no 
longer acceptable as feed water depends upon the quality and 
cost of the make-up water. If make-up water is free, for in- 
stance, the standard set for comparative freedom of hot-well 
water from condenser leakage contamination should be very 
rigorous, provided that the make-up water is of good quality 
and the condenser circulating water is of poor quality. It comes 



100 POWER GENERATION 

down ultimately to the writing of an equation properly relating 
the important and somewhat numerous terms. 

Satisfactory boiler feed water at the minimum cost is the de- 
sideratum. It is the corrosive, scale-forming, and priming prop- 
erties of the waters which are to be evaluated, not merely the 
salinity values. Thus analyses in some form of condenser cir- 
culating and make-up water are required. Upon such analyses 
the suitable working standards are calculated. Then salinity 
determinations alone sufSce to dictate the admission of hot-well 
water to the feed lines or its rejection. 

The hot-wells of the various condensers in a plant have to be 
dealt with upon an individual basis. In most modem stations 
the number of generating units is not great. Therefore if the 
hot-well water from any one of them becomes unduly contami- 
nated by condenser-tube leakage and consequently the hot-well 
water is to be rejected it follows that a large proportion of ad- 
ditional make-up water needs to be immediately admitted to the 
feed lines. On the other hand the water from any individual 
hot-well may be so contaminated as to make it in itself unsuit- 
able for boiler feed water and yet when it has added to it the 
water from other condensers which at the time have only slight 
leakage the resulting mixture may be of entirely satisfactory 
quality. 

Sometimes Tests at Very Short Intervals Are Needed. The 
practical way of handling this is, of course, to have one limit 
fpr individual condenser hot-well water and another and stricter 
limit for the salinity of the general mixture of feed water about 
to enter the feed lines. If the circulating water is highly cor- 
rosive and therefore serious condenser tube leakage is imminent 
in any condenser at any time, it becomes necessary to make 
routine tests of the salinity of individual condenser hot-well 
water at short intervals, let us say at one hour intervals. Like- 
wise it is necessary to make salinity tests of the general mixture 
of water about to enter the feed lines at the same or even shorter 
intervals. 

A very excellent way of maintaining proper standard of feed 
water salinity is to make the determinations on the general mix- 
ture of feed water at quite short intervals and, whenever excess 
above the standard is found, immediately to make tests of all the 
individual condenser hot wells which are operating, rejecting 
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the water of the condenser which has the highest salinity regard- 
less of what the salinity may be. While this is advantageous it 
necessitates qttantitative determinations of the individual con- 
denser hot-well salinities, whereas determinations which merely 
show whether salinity of a water is above or below the set stand- 
ard are merely qualitative apd therefore simpler to make. It is 
possible to arrange both sorts of tests so that the manipulation 
will be so simple that it can be readily performed by engineers 
entirely untrained in chemistry. In fact such simplicity is quite 
essential for practical station operation. 

Peed Water Softeners Have Their Place. After the ques- 
tion of what hot-well water to accept for feed water and what 
to reject has been settled the problems of the general feed water 
treatment come up for solution. In those plants where surface 
condensers are used and yet the use of hot- well water is a matter 
troublesome even though immensely worth while financially the 
purification of the feed water mixture by a softening system is 
hardly feasible and, further, it is hardly necessary. It is such 
plants which in the main I am discussing. Occasionally where 
the make-up water is quite bad but the circulating water is 
fairly good, and therefore does little in the way of contaminat- 
ing the hot-well water, a softening system is used to bring up 
the quality of the make-up water. In these cases the softening 
system may be of reasonable size and cost. But a softening 
system to handle the entire feed water of a power plant, whether 
the plant is using no hot-well water or all the hot-well water 
possible, is a proposition formidable in first cost and liable to 
prove disappointing in results. Such systems have substan- 
tially no representation in American practice. If the water 
which such a softener would be able to handle were very bad 
the results would almost certainly be disappointing, and if the 
water were not very bad the softener would be unnecessary any-* 
way. 

Although as has been shown, a water softener is limited in 
its scope, and although boilers are supposed to generate steam 
and not to serve incidentally as chemical reagent tanks, chemi- 
cal water treatment of the feed water of the representative 
modern power plant is necessary. Further, it may be un- 
equivocally stated that to permit the boilers to serve incidentally 
as reaction tanks, provided there is proper control, is far better 
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than to allow scale to accumulate and acidity to corrode. If 
scale does accumulate and acidity does corrode, the boilers are 
making reaction tanks of themselves anyivay. 

If boilers need chemicals, what chemicals do they need? The 
essential chemical is a soluble carbonate or a soluble hydrate, 
or both. A cheap soluble carbonate is sodium carbonate, that 
is, soda ash. A cheap hydrate is lime, but for boiler internal 
use it is unsatisfactory in that it ultimately increases the sus- 
pended solid matter in the boiler. A soluble hydrate free from 
this disadvantage is sodium hydrate, that is, caustic soda. It 
costs more than lime, but its cost is not prohibitive. As a basis 
of judgment for the treatment needed, whether full qualitative 
analyses are made or not, the fundamental requisite is knowl- 
edge of the hardness and the alkalinity of the feed water. 
Hardness should be determined by the soap test and alkalinity 
by the use of two indicators, methyl orange and phenolthalene. 
The results of these tests will determine whether soda ash will 
be sufScient or whether caustic soda should be used to supple- 
ment it. 

Any calculations which are made of the quantities to be used 
should be regarded as merely tentative. The treatment should 
be started and the concentrated water in the boilers should be 
tested for hardness (by the soap test), and alkalinity (by the 
methyl orange and phenolthalene tests). The latter quality, by 
the way, is sometimes called the ** causticity.'' If the hardness 
does not come down to very low values it is evident that insuf- 
ficient treatment is being given. If the alkalinity to methyl 
orange does not numerically exceed the hardness, calcium sul- 
phate is present and hard scale is forming. The soda ash 
should then be increased until the alkalinity to methyl orange 
does exceed the hardness. If the alkalinity to methyl orange 
accumulates to high values and at the same time the hardness 
comes down to very low values, as for instance two parts per 
100,000 parts of water, the amount of soda ash should be de- 
creased. 

''Hardness'' May Be Temporary or Permanent. The use of 
caustic soda is to prevent corrosion. If the feed water has high 
temporary hardness (that is if it contains bicarbonates of cal- 
cium and magnesium) and low permanent hardness (due to 
calcium sulphate) the use of caustic soda alone or supplement- 
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ing soda ash may be necessary. It should be borne in mind, 
however, that soda ash. becomes partially converted to caustic 
soda under the conditions of temperature and pressure in the 
boilers. In other words, the tests made on the concentrated 
water in the boilers will show the presence of caustic soda even 
though soda ash may be the sole treating agent put into the feed 
water. Therefore in many cases the supplementary use of 
caustic soda is not necessary. 

In turbine stations which have good circulating water and, 
therefore, but little tendency to hot-well water contamination 
through tube leakage, it is well so to regulate the feed water 
treatment as to prevent undue accumulation of caustic soda in 
the concentrated boiler water. It should be present in no 
greater quantity than is the sodium sulphate resulting from the 
elimination of hard scale-forming matter by the soda ash acting 
in the feed water to convert calcium sulphate to calcium car- 
bonate. 

In the above discussion the technique of water tests has not 
been gone into. All but one of the tests mentioned are simple, 
and that one is by no means difficult. The salt test and the 
hardness' and alkalinity tests to methyl orange and phenoltha- 
lene are so very simple that any one unacquainted with chem- 
istry can readily be taught to make them. It is unnecessary to 
describe them here and to show how they can be performed with 
least manipulation. After all, in my opinion, the main thing 
about power plant water treatment is its philosophy, not its 
technique. 



CHAPTER X 

GETTING MORE ENERGY OUT OF GOAL IN THE 

POWER PLANT 

The cost of coal is so great an item in the total operating cost 
of producing electrical energy at the switchboard of a power 
plant that, its efficient use effects a tremendous saving, while its 
inefficient, negligent use cuts down dividend rates not by frac- 
tions but by integers. This cost varies from about 55 per cent 
in average localities during normal times to as much as 85 per 
cent in districts somewhat remote from mines in these days of 
coal scarcity and deteriorated quality. 

As mentioned in Chapter IX, which deals with water in 
steam-driven electric power plant operation, the finished prod- 
uct in the power plant is kinetic energy in electrical fcrrm, while 
the fundamental raw material, using the term *' material" in a 
rhetorical sense only, is the potential heat energy of the coal. 
The coal itself as an actual material substance involves prob- 
lems so numerous and difficult to handle that broad technical 
knowledge is needed in the boiler room for their solution. It is 
here that men properly equipped can do most to make the whole 
plant most highly efficient and produce a saving that will show 
to advantage in the report of power cost. 

Excessive Combustible in the Ash Is Reprehensible. The 
chief problem with coal is to burn it. This is the engineer's 
problem, and it is a difficult one, although the purchasing agent 
may think just now that his problem is still more difficult. A 
lot of coal which enters the power plant never does get burned. 
This fact has led many power plant operators to make the de- 
termination of combustible in the refuse a routine procedure. 
Probably many operators do not realize how great a loss can be 
occasioned by allowing refuse unduly rich in combustible to 
leave the plant. When the percentage of true ash in Ijhe coal 

is high the danger is particularly great. 
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Omitting refinements the approximate formula for the loss in 
the combustible, expressed as a decimal fraction, is : 

Loss = 

ni-x) 

Where 

/ = fixed carbon in coal 

y = true ash in coal 

X = combustible in refuse, all in per cent. 

The loss may be expressed as a percentage thus : 

(f + y)xy 



Loss = 



f{100 — x) 



A still simpler formula, if the fixed carbon is not known but 
if data are available as to the combustible in the refuse and the 
ash in the coal, is: 

xy 



Loss = 
Or, in per cent, 

Loss = 



{l — x){l-y) 

lOOxy 
(100 — x) (100 — 2/) 



For example, if the fixed carbon is 76 per cent, the true ash 
is 6 per cent and the combustible in the refuse is 15 per cent, 
then the power plant loss is 1.1 per cent. Again, if the fixed 
carbon is 62 per cent and the true ash in the coal is high, say 
18 per cent, while the combustible in the refuse is 30 per cent, 
the power plant loss is 9.9 per cent. 

To avoid large losses of this kind the fires must be well burned 
down before cleaning, or dumping, if they are stoker fires. 
Such burning down is not a hardship to the fireman, and only 
adequate and tactful supervision is required to bring it about. 
Such burning down does not need to have charged against it a 
period of undesirably low steaming rate, for fires while being 
burned down are capable of making steam actively. 

Clinkers Do Not Necessarily Mean Low Efficiency. The 
subject of the clinker in the refuse is of considerable interest in 
this connection. Where there is much clinker there is apt to be 
very little combustible. The writer noticed this some years ago 
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and called attention to it in a letter written to the editors of 
Power, in September, 1905. Some time later he was interested 
to find reference to the letter, with confirmation of the relation- 
ship mentioned, in Bulletin No. 325 of the United States Geo- 
logical Survey. 

When clinker forms with any freedom it is obvious that com- 
bustion is occurring at high temperature. A temperature high 
enough to melt ash does not let much carbon go unburned. Of 
course, no one is desirous of encouraging the formation of 
clinker with its attendant troubles, but there is at least some 
consolation in the fact that when it does form the refuse losses 
due to the presence of combustible are small. 

The nature of the true ash primarily determines the extent 
of clinkering. The main point seems to be that burning all but 
the last bit of carbon involves the burning of some carbon which 
is surrounded by great quantities of ash. For this high tem- 
perature is required, and at this high temperature at least some 
of the ash will fuse or melt. 

Some Lessons from Domestic Fuel Consumption. On the 
general subject of combustible in the refuse of the power plant 
it is interesting to turn for a moment to that of the domestic 
use of coal in house heaters. Here we know that the use of the 
rotary ash sifter has done wonders in cutting down coal con- 
sumption. Mainly, no doubt, this has come about through mak- 
ing the rejected ash practically true ash almost in powdered 
form. Another saving perhaps is through the more complete 
burning of the volatile matter of the coal when each charge of 
green coal is covered with a layer of sifted cinders. 

An engineer in a recent letter to Power stated that last year 
8 tons of coal had been burned in his heater with no sifting of 
ashes, while during the current year, up to the time of writing, 
less than 6 tons had been burned and he expected that the sea- 
son's consumption would be but 6% tons. This letter was called 
forth by an editorial in the same paper dealing not with ashes 
from house heaters rich in combustible but those from many pri- 
vate plants in large cities. The central stations, under present 
conditions, have patriotism as well as fuel economy to consider. 

Buying Goal According to Specifications. On the subject of 
coal specifications not much need be said in these days nor ap- 
parently for some time to come on account of the general fuel 
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situation. When, however, specifications were more useful than 
at present, in most cases it was the heating value of the coal 
which was considered the most important active control factor 
in business dealings between coal consumer and coal dealer. 
Sometimes, however, the ash and volatile matter were specified, 
with bonus and penalty clauses included. 

The determination of heating value bv means of a bomb 
calorimeter is jiow quite general practice, and where the coal is 
received in barges and, therefore, in units of hundreds of tons, 
a determination of the heat content of every barge load is fre- 
quently undertaken. The trouble and cost are looked upon as 
worth while even if the results are only useful for purpose of 
record. Where such record is available there is no doubt that 
extensive use is made of it in that operation known commonly 
as ** registering a kick." 

It Is Often Important to Know the Ash Fusion Temperature. 
Along with the growing practice of making calometric deter- 
minations of coal there are many plants which also make fre- 
quent measurements of the actual fusion temperature of the ash 
in the coal. This is especially true in plants having large in- 
stallations of underfeed stokers, for such stokers inherently ope- 
rate with high furnace temperatures. It might perhaps be more 
accurate to say that they operate inherently with zones of very 
high temperature in the fuel beds and particularly at high rat- 
ings. For this reason the ash fuses, and there is trouble with 
the furnace walls unless the ash of the coal has decidedly high 
fusion temperature. 

To justify the expense of laboratory work for the measure- 
ment of fusion temperature of ash in coal shipments, etc., there 
must be furnished an opportunity to prevent damage by ash 
with low fusion temperature. This is especially true where 
such coal is to be kept out of underfeed stokers. It is always 
somewhat diflScult to arrange this, for it involves a laboratory 
equipped and manned on a scale making possible the putting 
through of tests with a rush. The writer was once told by a 
man in considerable authority in a large plant that the men in 
his plant could tell how the cones of ash were going to act in 
the high-temperature laboratory furnace by the extent to which 
the coal had clinkered on the underfeed stokers. This is surely 
** getting the cart before the horse. *' 
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Ultimate Analyses of Goal Are Not Necessary. So far as 

the analysis of coal goes it may be said that no plant makes ulti- 
mate analyses. Proximate analysis is relied upon entirely. 
For the purpose of registering effective complaints such analysis 
is greatly superior to the mere determination of heating value. 
It furnishes ammunition for campaigns of complaint about the 
amount of volatile matter and a corresponding tendency to pro- 
duce smoky flue gases, about the heating value, also, because 
the determination of ash, volatile matter and corresponding 
fixed carbon permits very close calculations of heating values. 
But the power plant man cannot kick about the moisture, for 
the coal man will always say that *4t rained/' 

Just a word more about the heating value of coal. This is 
obtained with great accuracy in a bomb calorimeter or approxi- 
mately by calculation from the result of proximate analysis, 
and whether or not many of the data are looked upon as worth 
while, anyway, just as a matter of record, it is positively essen- 
tial to know the heating value of the coal so that the thermal 
efficiency of the station can be calculated. Every engineer now- 
adays wants to calculate the thermal efficiency of his plant. It 
is impossible otherwise for him to know what he is doing with 
his plant. My advice, therefore, to the power plant man who 
lacks a calorimeter, crucibles, gas burners and oxygen tanks is 
to make out a requisition for these necessaries. The boss will 
surely sign it. 

What About the Poor-Quality Goal That We Are Getting 
Now? The present crisis in the coal industry has produced a 
great deal of irregularity in the quality of coal and it has de- 
teriorated noticeably. A great deal has been written to explain 
this situation and to outline the steps that the government might 
take to restore conditions more nearly to normal. Lately the 
federal Fuel Administrator has issued regulations for the pur- 
pose of improving conditions. Power plant engineers have com- 
plained bitterly of the quality of coal which they are receiving. 

Undoubtedly in many instances coal has been supplied which, 
because of its poor quality, has produced an alarming rise in 
maintenance cost of furnace equipment. In some cases, how- 
ever, the poor quality has meant little more than a serious lower- 
ing of heating value. It seems to me sometimes that users of 
high-quality coal grow to be a pampered element in our popu- 
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lation. Barring coal of low heating value which happens also 
to be characterized by low fusing temperature of ash, it seems 
to me to be an open question whether something other than 
very high-quality coal is not the most suitable for power-plant 
service. Of course, very high-quality coal is not used in many 
large power plants. There is not, in truth, enough of it to go 
around. Even in normal times the steamship trade takes most 
of this coal and it is proper that it should do so. Aside from 
the steamship trade really good coal should be looked upon as a 
luxury which only the rich among corporations can afford. 

In power-plant service the dictum is sometimes heard : **The 
cheapest coal to buy is the cheapest coal to burn," but this is a 
very unsafe dictum if taken without reservation. It is, how- 
ever, one which bears examination in concrete cases, but such 
examination has a reliable basis only in tests of the evaporating 
quality of the fuel. These tests should be comprehensive and 
planned definitely to cover a range of steaming rates wide 
enough to reveal possibilities of economical use of the coal under 
conditions of station operation possibly differing somewhat from 
the normal. 

Such conditions may be entirely satisfactory and may, in fact, 
resemble those which have long been used elsewhere. 

The great problem with coal, as stated before, is to bum it 
efficiently. We shall assume that it has been properly selected; 
that it is of quality not too good for the circumstances, and not 
too cheap, if cheapness is accompanied by the presence of clink- 
ering qualities caused by ash with low fusing temperature. 
Further, we shall assume that proper supervision has been pro- 
vided and good firing methods ingrained in the fireman so as to 
insure no large loss of combustible through the ashpits. The 
next question is how the heat loss up the stack is to be kept 
moderate or low. This is a very important question. Many 
people are willing to step forward to tell us how to answer it, 
or to write articles about it. Engineering societies spend un- 
happy evenings discussing it. Makers of instruments are anx- 
ious to provide equipment designed to make the solution of the 
problem easy. Personally I do not desire to be one of the gen- 
eral company of wiseacres along this line. 

There was a time when I was much impressed with magazine 
articles demonstrating so easily the enormous heat losses through 



110 POWER GENERATION 

the stacks occasioned by decreasing values of CO2 (on the false 
basis that the flue temperature remained unchanged). The sav- 
ings to be made by high CO2 were heralded so widely that the 
power-plant operator who had escaped being greatly impressed 
thereby was surely a ** wayfaring man and a fool." I was, 
however, much depressed by the absence of sharply defined 
counsel on how to get high COj. The articles simply said when 
the CO2 percentage is high the excess air is low. 

A Practical Demonstration in Efficient Boiler Operation. I 
found out later how to manipulate the furnaces and drafts so 
as to produce a high percentage of CO2, but along with this 
knowledge came the conviction that such manipulation is not 
worth while. The following experience contributed to this con- 
clusion. 

I was conducting a series of tests on a water-tube boiler fired 
by an overfeed stoker using semi-bituminous coal low in ash and 
of a quality considered particularly suited to the station condi- 
tions. This coal had long been used in the station and on the 
stoker in question. There had been conferences, tests and what 
not for a long time in regard to the operation of the equipment. 
The stoker manufacturer sent an expert operator to do his bit. 

The tests were made long after the stokers had been installed. 
They included three series o£, tests exactly alike except that 
during each of the series a dmerent man was in charge. Each 
man operated with unimpeded control except in one particular, 
namely, that the flue draft was maintained during each eight- 
hour test by a man who watched constantly a draft gage con- 
nected to the flue nozzle on the boiler side of the damper and 
manipulated the damper so as to maintain constant draft. 

Each series consisted of five tests of eight hours each, and flue 
drafts of 0.36 in., 0.40 in., 0.44 in., 0.48 in. and 0.52 in. water 
column were used. Each man operated the stoker with these 
drafts, there being fifteen tests in all. Each man manipulated 
the stoker mechanism to suit himself, adjusting the rates of 
coal feed and grate movement, deciding when and how to dump 
ashes, etc. 

In every way he did what he pleased except that the draft at 

the flue nozzle was established for him. The coal and water 

•were weighed, the gas was analyzed for his inspection, tempera- 
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ture and pressure measurements were made and displayed to his 
view if he cared to look at them. 

High Efficiency Accompanies Low Goal Consumption. As 
previously stated, one man was an expert sent by the stoker 
manufacturer. Another was a head fireman who ordinarily 
did not run stokers but graduated years before and put in his 
time eight hours a day showing others how to do it. The third 
man was a good stoker operator but of no particular skill, and 
he was quite illiterate judged by any standards current among 
combustion experts. He could barely speak the English lan- 
guage. 

Now I am not going to say that the last man beat the other 
two. It is not so easy as all that. At every one of the five 
values of flue draft the highest economy of evaporation, the 
highest over-all eflSciency by far, was attained by the man who 
at each particular value of flue draft used the least coal per 
hour. At one draft value it was one man, at another another 
man. Each of the three men secured honors in the tests, but 
how they were divided I do not remember. Always, however, the 
man who with a given flue draft used less coal than the other 
two at the same draft was the man who won out, and by a large 
margin. 

This conclusion that the least coal at a given flue draft cor- 
responded to the best operation is worthy of careful thought. 
Does it mean the use of a thin fire? Does it argue for consid- 
erable excess air? I leave these questions to the reader as a 
profitable subject for his reflection. The problem is obviously 
a vital one if fuel consumption is to be fully controlled. 



CHAPTER XI 
KEEPmO POWER PLANT OIL IN GOOD CONDITION 

The following discussion of oil in steam turbine power sta- 
tions aims to bring forward for examination some of the aspects 
of turbine lubrication which among many engineers to-day are 
regarded as problematical. My hope is that a certain amount 
of discussion may result which, for myself as for others, will 
clear up in a measure some of the points on which many of us 
are seeking further light. 

Oil Does Deteriorate in Service. It has become very com- 
mon of late in the literature of turbine lubrication to find the 
frankest sort of reference to the formation of oxidation prod- 
ucts in turbine oil which has circulated more or less continu- 
ously for a considerable time, whatever may be the particular 
type of circulation and oil filtration. 

This frank reference to oil disintegration in continued service 
is rather recent. Not long ago the writer met oil salesmen who 
professed never even to have heard of such a thing. While 
confessing themselves entirely mystified as to the nature and 
cause of such action these salesmen were yet able to express en- 
tire confidence that their own oil would not disintegrate. And 
it is only a few years ago that some turbine designers were 
ready to let it appear that they at least looked a little askance 
at some oils and more favorably on others. Now the basis of 
their likes and dislikes appears to be that in one plant condi- 
tions more favorable to growth of oxidation or polymerization 
products threw the onus of blame upon the oil in use, rather 
than upon the local plant-operating conditions. 

Of a truth all oils in continuous turbine lubrication service 
will form such oxidation products. What the operating engi- 
neers want to know are the facts regarding the specific liability 
of a given oil so to deteriorate, and the plant equipment and 
operating features which stimulate or alleviate the inherent 

tendency of the oil to further such growth within itself. 
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Oils Became Acid as They Deteriorate. The oxidation or 
polymerization products always produce an acid condition in 
the oil, in fact such products are measured quantitatively in 
terms of some relatively simple organic acid. Perhaps the acid 
most commonly employed for this reference purpose is oleic 
acid. And yet oil has sometimes been condemned as improperly 
refined because after long service it had this distinct acid reac- 
tion. 

Naturally when the acidity of the oil in service has reached 
considerable proportions there is danger that the oil will do 
what any acid circulating in a turbine would do, namely, cause 
corrosion. Before discussing this matter, however, it is impor- 
tant to mention an accompaniment of this acidity, that is the 
formation of **muck.'' One of the live questions of to-day is 
as to the extent to which the oxidation products and the muck 
are one and the same thing. 

''Muck" Is the Cause of Much Trouble in Oil. In many tur- 
bine plants the mere creation of such acidity as that described 
above seems immediately to cause that most common of chemical 
actions, the attack of acid upon metal with the production of 
salts. These salts, which may exist in a turbine oiling system, 
have quite different properties with respect to different metals. 
For instance, • when these acid products act upon zinc the re- 
sulting precipitate seems to be particularly voluminous. 

To whatever extent, then, oxidation products essentially form 
muck the impurities in the oil are greatly increased when it 
comes into contact with metallic zinc, as for example in galvan- 
ized oil piping. Such piping should, therefore, not be used in 
turbine oil circulating systems.- 

In any case the muck itself is a detriment to lubrication. If 
the plant engineers are not watchful or are unsuspicious of the 
possible presence of muck, actual trouble may result. Some 
very large turbines in important power plants have had not 
only **near shutdowns'' but have suffered the complete burning 
out of bearings from this cause. Such accidents, happily, 
rarely occur more than once. 

What Shall Be Done with Sun-Down Oil? Now as to reme- 
dies, it is wise not* to become discouraged too easily. The 
writer was informed some time ago that in a very large power 
station where bearing trouble had been experienced the engi- 
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neers finally realized that unavoidable leakage and evaporation 
are not the only causes of oil consumption. They established 
an old-age limit for oil. When the oil reaches the age limit it 
is simply relieved from further duty, and the burden put upon 
new, fresh oil. 

Such extreme procedure seems to the writer hardly to be jus- 
tifiable. I believe that there are two lines of attack for the 
problem. In the first place, one of the most important facts 
connected with the whole subject of oil muck and its elimination 
from a turbine oil circulating system seems to be that certain 
features of such a system which tend most effectively to rid the 
oil of water have a most perverse effect in hindering the elimina- 
tion of muck from the system. 

The subject of water in turbine oil has received much atten- 
tion of late years. Among the features of importance are the 
property of the oil by which it forms an emulsion with water, 
and the relative ease or diflSculty with which an emulsion once 
formed may be broken up and the water separated from the oil. 
The United States Bureau of Standards has come forward with 
notable contributions to the subject. In the equipment pro- 
vided in power plants for cleaning and filtering oil it is very 
common to find apparatus for heating the oil about to be filtered, 
thereby rendering the separation of water much more rapid 
and complete. 

Temperature Is an Essential Element in the Precipitation 
Problem. Unfortunately the deliberate heating of turbine oil 
in a filtering system interferes with the extremely important 
function of filtering, barring of course the separation of mere 
dirt and metallic particles. The acid oxidation products are in 
fact prevented from being separated by such heating. These 
products have a solubility in the oil which varies with the oil 
temperature. At high temperature the muck goes into solution, 
and as the oil cools the oxidation products are precipitated out 
as muck. 

This variable solubility with changing temperature is the 
feature which perhaps more than any other makes the oxida- 
tion effect a very serious problem in turbine lubrication. While 
the oil is circulating in the bearings it becomes hot, and the 
high temperature favors the formation of the oxidation prod- 
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ucts with the accompanying increasing acidity. So long as the 
oil remains hot the oxidation products largely remain in solu- 
tion. 

Muck Interferes with the Operation of the Cooler. In the 
oil circulating system the oil which is bearing the lubrication 
burden at one moment is a moment later relieved and at rest in 
the oil cooler. As it is cooled, however, the acid oxidation 
products are precipitated. They settle out, fouling the cooling 
surfaces and reducing the heat transmission through the coils 
or tubes to the cooling water. Now if the oil-cooling process is 
interfered with, the oil returns to the bearings at a temperature 
already high, and it becomes hotter there than it otherwise 
would. 

High temperature is without doubt an important factor in 
the formation of oxidation products, and consequently more 
muck is precipitated in the cooler. There is thus a vicious 
cycle of operations. It would be much worse but for the fact 
that as the oil heats its viscosity decreases and the bearing fric- 
tion is thus reduced. Therefore the power loss in the bearings 
is reduced, since this loss in a bearing is proportional to the 
product of friction force and speed. With reduction of power 
loss in the bearings the oil is heated at a lower rate. The tem- 
perature reached is, however, much higher than it would be if 
the heat transmission surfaces in the cooler were clean. 

The precipitation of oxidation products in the cooler and 
their separation from the oil after precipitation are by no means 
so complete as to render the oil leaving the cooler for the bear- 
ings practically free from them. These products contaminate 
the oil entering the bearings and beyond question increase its 
coefBcient of friction. They are, however, taken up again into 
solution as the oil heats in the bearings, so that there is at least 
some compensation. 

The Oil Reservoir Pockets Are Favorite Retreats for Muck. 
Nor does all of the precipitation of muck occur in the cooler. 
Much of it occurs in the pockets of the oil reservoir space, the 
temperature there being much lower than that of the bearings 
themselves. In these pockets the precipitate has the best chance 
of all to settle out, and when considerable time elapses between 
cleanings the extent and nature of the deposits are sometimes 
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surprising. They are sometimes in the form of soft muck, 
often gummy and at times even approaching the consistency of 
pitch. 

There is undoubtedly some danger that with such accumula- 
tions the distribution of oil to all parts of the bearings needing 
it may be interfered with. On the other hand, it is easy to 
exaggerate this danger. In the first place the high temperature 
of the oil in the bearings keeps the oxidation products very 
largely in solution where the oil is doing actual lubrication 
service. Then again the precipitation of these products, where 
such does occur, is small in relation to the quantity of oil in 
which it occurs, while the particles of solid matter come down 
in a state of very fine sub-division. Accumulations occur, there- 
fore, generally only where circulation is very slow and where 
the oil is losing heat by radiation and conduction. 

''Bejuvenating'' Oil After Partial Disintegration. The 
very finely subdivided state of the precipitated matter must be 
kept in mind in devising means for dealing with the whole 
matter. As has already been mentioned, the oxidation prod- 
ucts, due to their acid nature, may produce salts of metals 
which are themselves insoluble. These as solids have much to 
do in determining the quantity and form of the so-called muck. 
This is notably the case with the zinc salts which are apt to 
result from the use of galvanized piping. Without zinc, how- 
ever, the precipitate is far from flocculent and its separation 
from the oil with reduction of acidity is a problem of impor- 
tance in many a power plant to-day. 

Unfortunately the filtering of power station oil is done 
largely with apparatus developed fundamentally to meet the 
requirements of engine oil filtration and modified in no really 
important and essential features to meet the turbine oil filtra- 
tion problems of to-day. This lack of adaptation is indeed not 
strange if I am correct in arguing that only recently has the 
real nature of turbine oil filtration problems been correctly 
understood. 

Turbine Oil Cannot Be Treated Like Engine Oil. There are 
two items in the problem which did not exist when the princi- 
ples and practice of engine oil filtration were developed. The 
oil in engine circulating systems was contaminated by water 
and dirt. The water did not generally emulsify with the oil, 
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or at any rate the emulsions were not particularly tenacious. 
The separation of the water from the oil was rather easy. The 
heating coils frequently used in engine oil filters separated the 
water from the oil even in difficult eases. The separation of 
dirt from engine oil was, of course, a filtration problem of the 
simplest sort. So simple was it that many an engine oil filter 
was merely a crudely improvised collection of canvas bags, with 
not always the closest attention to eliminating leakage paths. 

The separation of water from turbine oil was early recognized 
as of far greater difficulty. Persistent emulsions were not un- 
common and the characteristic behavior of individual turbine 
oils in this respect began to be closely studied. Much was done 
in the quantitative measurement of demulsibility, and in this 
the United States Bureau of Standards took a leading part. 

As previously mentioned the two essentials of turbine oil 
** rejuvenation" for continued lubrication service are (1) the 
solubility of the acid oxidation products in hot oil, and (2) the 
finely subdivided nature of these products when precipitated in 
cool oil. It follows that the filters must not be set to filtering 
hot oil. It may, however, be necessary to use heat to break up 
the water-oil emulsions, although even this necessity is question- 
able. It is quite essential that effective cooling shall be pro- 
vided previous to filtration. 

It may be well to mention in passing that the entire oil con- 
tents of a turbine, which is taken out of service for the purpose 
of cleaning and renewing its oil supply, should be run out of 
the reservoir as soon as the turbine has come to a standstill, thus 
insuring the minimum precipitation in the pockets or in the oil 
grooves and the maximum quantity of acid oxidation products 
carried out of the turbine in solution in the warm oil. If this 
is not done the oil will cool in the idle turbine and a certain 
anaount of precipitation will occur. 

The Filter Press Might Be Used with Turbine Oil. When 
provision has been made for cooling the oil in the proper place 
and thereby bringing the precipitation under intelligent control, 
there still remains the task of removing the fine precipitate, 
which cannot be done with bag filters. One hope in this direc- 
tion is the filter press. For many years this device has been 
successfully used in many processes of manufacture and refin- 
ing. Its use in power plants has been practically unknown until 
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very recently. So far as the writer knows, F. R. McLean was 
the first to propose it for the clarification of turbine oil from 
precipitated acid oxidation products. For this purpose it is 
very attractive. It is not expensive, and is very compact. It 
has great filtering capacity and flexibility. The effectiveness of 
its filtering may be made anything that is desired. In the nu- 
merous manufacturing and refining processes in which it has 
long been used its place is quite unchallenged. Its future in 
steam turbine power plant service seems very bright. 

The Whole Matter in a Nutshell. Summing up this whole 
matter, it may be said that the problems of turbine lubrication 
are problems of the durability of the lubricant. Water emul- 
sions do no permanent harm to the oil but they are highly ob- 
jectionable until broken up. The tendency of oils to emulsify 
and the measurement of their demulsibility have been studied 
extensively. The tendency of turbine oils to form oxidation 
products in service has been studied also, perhaps most actively 
by the oil men themselves. The progress so far made is uncer- 
tain and the field is unquestionably very difficult. Probably 
the oil men have learned more than they have told the rest of 
us. Some progress is also being made in tests which might be 
called ** accelerated acid oxidation product test,'' but standard- 
ization of such tests seems so far a goal quite unapproached. 



CHAPTER Xn 

WHAT IS THE CURE FOR CONDENSER TUBE 

CORROSION? 

In the modern power plant, operated with surface condensers, 
corrosion of the innumerable and tiny tubes which make up the 
''internal economy'' of the condensing apparatus has long been 
the bane of the operator's existence. There is daylight ahead, 
however, in this matter for, like most of the problems of these 
days of increasing use of research methods, the condenser tube 
problem promises a real solution at no very distant date. 

For many years the development of ideas concerning tube 
corrosion was very slow, but recently it has been greatly ac- 
celerated. The earlier condition was due partly to the fact that 
important as the matter seems to power house operators, the 
corrosion of condenser tubes is only a part of the general corro- 
sion trouble. In the whole field it is of relatively minor com- 
mercial significance. If, however, iron and steel corrosion are 
excluded, as well as that of the alloys used in engineering struc- 
tures, the waste of money occasioned by the short life of con- 
denser tubes becomes relatively very important. In fact, it is 
so large as to be exceeded by few other wastes among applica- 
tions of alloys in which the corrosive influence is a factor. It 
is worthy of careful study. 

The whole corrosion difficulty has been attacked with great 
vigor in recent years, both theoretically and experimentally. 
Theories have been extensively modified and, as is generally the 
case where this occurs, progress in experimental lines has kept 
pace with the theory. 

Electrolysis Has Been Blamed for a Oreat Deal of the Corro- 
sion. An important fact in this connection is that but a few 
years back many of the large steam turbine condensers were 
equipped with Muntz metal tubes. Another is that in the early 

days it was quite commonly supposed that much condenser tube 
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corrosion was caused by electrolysis from the return current of 
electric railway circuits. 

Expensive experimental installations were made in a few 
cases for the purpose of electrically insulating the condensers. 
Another line of experiment consisted in coupling a special motor- 
generator set to the condenser so that electric current of consid- 
erable magnitude would flow from the condenser shell to the 
tubes. This idea has been very persistently advocated in Eng- 
land, where it has produced the * Cumberland system** of con- 
denser protection. ^ 

Another, and fairly recent, theory of corrosion is that electrol- 
ysis may occur without the assistance of electric currents from 
outside. The idea is rather that corrosion of apparently homo- 
geneous metals occurs through the operation of tiny local elec- 
tric circuits. These may be almost molecular in dimensions. 
They are produced by non-uniformity in the metallic structure, 
or perhaps it would be more accurate to say in the metallic 
micro-structure to indicate the diminutive character of the 
action. 

Muntz Metal Is Very Susceptible to Salt Water Attack. It 
is well known that Muntz metal is attacked quite vigorously by 
salt water. This metal contains two constituents known as 
*' alpha** brass and *'beta** brass. Under microscope these two 
constituents can be easily distinguished. The ** alpha** constitu- 
ent is a solid solution of zinc in copper which may contain, under 
circumstances dependent upon heat treatment, as much as 37 
per cent zinc, and which, when less than 30 per cent zinc is in 
the brass, is the exclusive solid solution present. It is a com- 
paratively soft and very ductile body. The *^beta** constituent 
is a solid solution of zinc in copper which is always present 
when brass contains more than 37 per cent zinc. This constitu- 
ent is much harder and stronger than the ** alpha** constituent 
but it is at the same time much less ductile. 

Each pair of these constituents can act as electrodes in local 
electric circuits when en electrolyte is present — for example, 
salty circulating water. These electrodes, that is the ** alpha** 
and **beta*' constituents, have very considerable inherent po- 
tential difference. There can scarcely be any doubt that this 
circumstance explains, for the most part, the special suscepti- 
bility of Muntz metal tubes to corrosion by salt water. This 
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conclusion will, I believe, be supported by all who have used such 
tubes with salty circulating water, or certainly it will be sup- 
ported by those who, having used them, have changed to Ad- 
miralty metal tubes. 

Admiralty metal contains 70 per cent of copper, 29 per cent 
of zinc and 1 per cent of tin, while Muntz metal contains 60 
per cent of copper and 40 per cent of zinc. 

Electrolysis Theory Applies with Admiralty Metal Also. 
Any brass having as much copper as Admiralty metal consists 
of a single solid solution of 'zinc in copper, that is, *' alpha'' 
brass. This is true of all brass alloys still more rich in copper. 

While the electrolytic theory of corrosion still serves to ex- 
plain, or at least helps to explain, the corrosion of Admiralty 
metal tubes and other ** alpha'' brass alloy tubes, it is evident 
that the homogeneity of the crystals of the single *' alpha" 
solid solution is much greater than in the case of Muntz metal. 
The theory requires the presence of tiny electric currents due 
to lack of uniformity, but obviously the potential differences 
are very much less in this case than those which exist between 
the crystals of the ** alpha" and **beta" solution of brasses hav- 
ing copper of about 60 per cent and zinc of about 40 per cent, 
of which Muntz metal is an example. 

The point is often made that if 70 per cent copper is so much 
better than 60 per cent copper, why would it not be still better 
to use 80 per cent or 90 per cent copper or alloys even richer in 
copper than this? 

There are several reasons for the use of a limited percentage 
of copper. In the first place, copper is more expensive than 
zinc, therefore the cost of the tubes rises with increasing copper 
content. 

Why Not Use Condenser Tubes of Pure Copper? Another 
important fact, already mentioned, is that brass containing as 
much as 70 per cent of copper or more consists of one rather 
than two solid solutions; that is, the *' alpha" rather than the 
"alpha" and **beta" metal. It follows that once the *'beta" 
constituent has been removed there is no further improvement 
to be effected by the addition of more copper. 

It is true, of course, that as electrolytic corrosion goes on, it 
is the zinc which is dissolved and the copper which remains. 
The honeycombed structure which is left is very weak mechan- 
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ically and is broken easily by vibration. It follows, therefore, 
that the less zinc originally in the tubes to be dissolved, the 
less is the resulting weakening of the tube as it deteriorates 
throughout its life. 

Carrying this argument to its conclusion one might ask: **If 
the less the zinc in the tube the longer its life, why not use an 
all-copper tube?" The answer to this is that the omission of 
the zinc would be undesirable as a manufacturing matter. It 
appears from the metallurgy of tube manufacture that copper 
oxide is produced in the making of tubes and this is very soluble 
in molten copper. Copper oxide in a tube is very bad. Zinc 
in alloying with copper takes care of the oxidizing effect. 

Many engineers believe that a little zinc will perform this 
oxidizing service as well as a great deal and that, therefore, con- 
denser tubes of progressively higher copper content should have 
correspondingly longer life up to, say, 95 per cent of copper. 
To offset this increasing merit would only be the corresponding 
higher cost. 

While the above opinion seems to be quite widespread among 
engineers, it cannot be said as yet that the use of tubes so rich 
in copper has been tried long enough in a practical way firmly 
to establish the validity of the theory. Certainly it is not es- 
tablished to so great an extent as the fact that Admiralty metal 
tubes are superior to Muntz metal tubes for condensers with 
water more or less salty in character. It may be said in passing 
that a tube of 70-per cent copper and 30-per cent zinc composi- 
tion, possessing the merit of a single solid solution, ** alpha" 
brass, is considered less durable for salt water service than one 
containing a slight amount of tin, hence the popularity of the 
well-tried Admiralty metal. The role played by the tin in 
giving this added protection is, however, not well understood. 

So far we have discussed the chemical composition of tubes 
as affecting their durability against corrosion, but there are other 
factors which have an important bearing on the subject. Some 
of the most important work done in this line is so recent that 
manufacturers have not as yet had time to provide equipment 
to make the fullest use of it. 

Before taking up this latest work it may be well to state first 
that for some years engineers have felt that very important in- 
fluences were at work, other than variation in chemical composi- 



POWER GENBBATION 123 

tion, which would account for tube deterioration. These men 
were convinced that not much improvement was to be secured 
until these factors had been identified and brought under prac- 
tical control. 

The investigators turned naturally to the microscope to assist 
them, and the character of grain structure and its relation to 
annealing were carefully studied. The literature of this sub- 
ject is now quite extensive. 

In spite of all this study, however, it did not seem possible to 
distinguish accurately between good tubes and poor tubes. 
About five years ago, however, the brass industry got a very 
heavy ** jolt*' which brought about important investigations and 
had far-reaching effects. 

On the New York State Barge Canal work, and also earlier, 
on the Panama Canal work, large quantities of brass and bronze 
were used under conditions subjecting the material to consid- 
erable stress. These materials had been chosen under the cir- 
cumstances as substitutes for steel in order to insure against 
corrosion. The structures in which they were used were care- 
fully designed for the applied stresses. 

In no small number of cases these materials failed, causing 
genuine alarm among engineers for the safety of some of the 
structures in which they were used. The result was a decided 
skepticism as to the suitability of such alloys for structural pur- 
poses. In some cases steel was substituted for the alloys. 

In the investigation which followed the United States Bureau 
of Standards took a leading part, applying its rigorous research 
methods to this work. The result seems to have been very satis- 
factory. 

What Is the Cause of ''Season Cracking"? One evil to 
which alloys are subject, known as ** season cracking, '* has long 
been widely known in the brass trade. It has seemed in some 
way to be connected with moisture conditions. Brass and 
bronze kept quite dry might be entirely free from this trouble 
even though long in service, whereas these alloys kept in storage 
and, therefore, subject to no stress at all, might give evidence 
of ''season cracking" if subjected to moisture conditions. The 
failure of such alloys in service when subjected to high but 
carefully calculated stresses and to corrosive influences has al- 
ready been commented upon. 
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In a general way it was known fairly accurately that ** season 
cracking" was related to internal strains produced in manufac- 
ture and not subsequently removed. Recent investigation has 
clarified and amplified our knowledge of the whole subject, 
however, very much indeed. We now know that ** season 
cracking'' and *' corrosion cracking*' are one and the same. 
Consequently an organized effort to allow the former term to 
die out of use meets with no opposition. 

We now know that ''corrosion cracking" and initial tensile 
stress are not only associated phenomena but also that without 
the latter ''corrosion cracking" does not occur. 

Initial tensile stress, which is a cause of corrosion cracking, 
is bound up with the matter of electrolytic solution potential. 
Some of the best recent research work seems to establish defi- 
nitely that this potential increases continuously with tensile 
stress. 

The way in which corrosion cracking comes about is therefore 
as follows: Newly manufactured metal, say brass condenser 
tubing, is in a state of initial stress of such nature that the sur- 
face layers are in tension. There is always sufficient lack of 
homogeneity on the surface to start electrolytic corrosion if an 
electrolyte is present. This may be assumed to be the case when 
the tubes are in service in a condenser. 

The early surface corrosion grooves the surface and, as it is a 
law of mechanics that the unit stress at the bottom of a groove 
is far higher than the average stress over the surrounding sec- 
tion, the early surface corrosion produces higher unit stresses 
at the bottoms of the grooves as these deepen. 

We have assumed a case where the initial surface stresses are 
tension stresses. Therefore as the grooves deepen the electro- 
lytic solution potentials at the bottoms of the grooves increase, 
and as this occurs the differences of potential between the bot- 
toms of the grooves and the general tube surface are increased. 
As a consequence the electrolytic corrosion is not only main- 
tained but accelerated. 

What Are We Ooing to Do About It? Now as to some hope 
of cure for these ills. Initial compression unit stresses seem 
harmless — that is, they do not seem to favor corrosion cracking. 
The reduction of initial tension stresses from the high values. 
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which are often very high indeed, is obviously a cure for the 
evils caused by high-tension stresses. 

Either one of these conditions may be deliberately brought 
about by a finishing operation during manufacture. Annealing 
after the final drawing, with the annealing temperature kept to 
the low figure of 400 deg. C, or thereabouts, will completely re- 
move the internal strain. At the same time it will produce a 
finely grained microstructure, completely eliminating the coarse 
structure which results from annealing at temperatures within 
or above the critical range. 

This very important conclusion of recent research work will 
doubtless in the near future be much better appreciated than it 
is to-day. As yet the brass works are not generally equipped 
with the control apparatus needed for the maintenance of such 
low annealing temperatures. 

As a substitute, however, efforts are being made so to spring 
the metal after the last drawing as to change the stresses which 
have resulted from cold working, from tension stresses at the 
surface to compression stresses. This is being done with a fair 
degree of success in the case of brass rods, but whether it can be 
done with similar success in the case of seamless tubes, the 
writer cannot say at the moment. In this connection, however, 
it must be remembered that the present advance in this field is 
very rapid, both in research work and manufacturing. 

A very pertinent question with which to close the present 
discussion is this: **What are some of the main features which 
are being embodied in progressive condenser tube specifica- 
tions?'' In answering this question it would be well to state 
that these features will undoubtedly become much more impor- 
tant in the near future, as they have for their purpose the se- 
curing of tubes which will stand difficult corrosion conditions 
with sufficient durability to cut down condenser maintenance 
costs. Moreover, they will tend to eliminate general power sta- 
tion troubles resulting from contaminated hot-well water. This 
is a very serious item of power station expense where circulat- 
ing water is in any way bad. 

Modem Condenser Tube Specifications Are Quite Compre- 
hensive. Among the items which may well be included in 
these specifications are the following: 
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Chemical Composition: (a) Such as will exclude the '*beta" 
solid-solution constituent, (b) Presence of small amount of tin 
(about 1 per cent) if condenser water is salty, (c) Limitation 
to very small quantities of those elements generally believed to 
be injurious, such as lead, iron, arsenic, cadmium. 

Initial Surface Stresses: (a) Elimination of such stresses by 
low-temperature annealing after final drawing, (b) Creation 
of initial surface compression stresses after final drawing by 
deliberate springing as a possible substitute for (a). 

Grain Size: Specification of grain size and enforcement of 
the specification by grain-size measurement, using one or an- 
other of the authoritatively recognized methods. 

Hardness: Specification of hardness number on some recog- 
nized scale, preferably the Brinell. 
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KEEPINO CONDENSER PEBFOBMANCE UP TO THE 

MABK 

Economy Measured by Vacuum in Terms of Intake Water 
Temperature. The establishment of the relationship which ex- 
ists between the highest practically obtainable turbine economy, 
or power plant over-all economy, and the vacuum in the top of 
a condenser and at the turbine exhaust nozzle, may be gotten 
in one way or another, dependent upon test facilities and cir- 
cumstances, but that relationship which is within the reach of 
all is to determine the highest vacuum actually attained in 
terms of intake circulating water temperature. This only re- 
quires records of observations kept over a considerable period 
of time, and naturally the longer the better. All sorts of vari- 
able factors conspire to make most observations noticeably less 
excellent than the best actually attainable, so that in the direc- 
tion of poor results the figures scatter in a haphazard manner 
when plotted, but in the direction of hest results they mark out 
a boundary line which is both smooth in shape and rational in 
form. 

Such a plot is shown in Fig. 24, extending over a period of 
only about six months and taken in a typical turbine power 
plant. It covers data not only from nine different turbine-con- 
denser units, but these units happen to be divisible in the mat- 
ter of design into groups of three distinct types. All three 
types are represented at or very near the boundary line. 

It is very significant that a plot of the sort shown in Fig. 24 
proves that vacuum maintenance at the top of a surface con- 
denser becomes handicapped by the rise of circulating water 
entrance temperature which takes place during the summer. 
This is due not merely to the direct effect of the rising tempera- 
ture but to secondary effects as well, which are somewhat in- 
volved but are undoubtedly connected with the rising height of 
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the air cloud, caused by the decreasing efficiency of air removal 
by the pump equipment during hot weather. To state the 
over-all effect briefly it may be said that any plot of the kind 
shown in Fig. 24 will reveal greater temperature difference be- 
tween the steam temperature at the top of the condenser corre- 
sponding to saturation pressure and the entering temperature 
of circulating water during summer than during winter. 
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Fig. 24 — ^Vacuum Obtained in Terms of Intake Circulating Water 

Temperature 

The Curve of Highest Possible Plant Economy Is Obtained from the Best 

of the Readings 



After the establishment of such a standard it ought to be pos- 
sible to make a strong drive after good condenser vaccum main- 
tenance, because the operator can tell just how far he can go in 
condemning the indifferent performances shown by observation, 
regardless of the season of the year. This should make possible 
the drawing up in the course of perhaps another year of a new 
standard plot which would not only better the old one with re- 
spect to the boundary line of best performance but would be 
characterized also by less profuse scattering upward into the re- 
gion of poor and even very poor performance. Such improve- 
ment in the standards of performance could hardly be expected 
to be continuous from year to year, but it ought to be the result 
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of this sort of intensive and scientific analysis of vacuum main- 
tenance that the first standard established even by accumula- 
tions of very considerable data would fall short of what might 
in time come to be regarded as the ultimate standard. 

While it would unquestionably be desirable to make a careful 
analysis of the vacuum maintained by each condenser every day, 
yet in a plant with numerous turbines it becomes a matter for 
decision as to whether brief observations should be made on all 
machines operating or whether much more extended observa- 
tions should be made on two or three machines so that really 
detailed diagnosis of their ailments may be followed by equally 
detailed recommendations of the particular kinds of maintenance 
work necessary. The writer is inclined toward the latter view. 
Whatever the nature of one's inclinations, however, it comes 
back to the fact that detailed recommendations cannot be made 
unless they rest upon adequately detailed observations and 
analysis of observations. 

Beasons for Form Suggested for Tabulating Condenser 
Data. Illustration of a form for observations of the detailed 
type is shown in Fig. 25. This form grew out of a form which 
merely provided for checking up condenser mercury columns, 
and bears distinct traces of its lineage. The items under * * Con- 
denser Performance Data," however, cover in a pretty thor- 
ough manner the kinds of data which not only suffice but are 
required for detailed diagnosis. The order of arrangement of 
the items may possibly be open to some criticism. In a general 
way, however, those items are listed first which are matters of 
direct observation, and they are followed by items which in- 
volve some calculation or which are of perhaps secondary impor- 
tance, and the last item is one which, although of great impor- 
tance, is quite special in the sense that it could not possibly be 
obtained simultaneously with the others. 

The circulating water discharge temperature is put high upon 
the list because, while it is the circulating water intake tempera- 
ture and the quantity of water circulating and the turbine load 
which establish the circulating water discharge temperature, it 
is this latter temperature which establishes directly, but in a 
complex manner, the steam temperature at the top of the con- 
denser and therefore the vacuum in the turbine exhaust nozzle, 
and therefore the economy of the turbine under consideration. 
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Next come data of the rises of temperature through the sev- 
eral passes of the condenser, be they two or three. These data 
are of very great importance because it is a common thing for a 
most unseemly great proportion of the total rise to occur in the 
upper pass. This means congestion of heat absorption in the 
upper pass with consequent undue excess of entering steam tem- 
perature above the discharge water temperature, and meanwhile 

T. D. CO., TESTING BUREAU 



Vacvum Oauou. 















iiiiBi^ WHi b.^ -»»: .r-£i.:..^uii. ir.»,-n 
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the large investment representing the lower part of the con- 
denser is not earning adequate money. Great preponderance 
of heat absorption in the upper pass, is sure evidence-of improp- 
erly proportioned steam passageways through the condenser, or 
the presence of a cloud, of air which has risen to rather high 
level in the condenser. This latter, if it exists, is due to lai^e 
air leakage into the condenser or poor efficiency of air removal, 
or both. 
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It is the business of the diagnostician to clear up contingent 
possibilities and become specific. If a condenser has improp- 
erly proportioned steam passageways, presumably the diagnos- 
tician knows it by general acquaintance with steam condenser 
technical literature of recent years, and calls it to the attention 
of those in authority who do not know it, if there are any such, 
and plans are made to provide more adequate steam spaces by 
permanently removing tubes. If large air leakage into the con- 
denser exists, quantitative measurement of the leakage with an 
air bell will reveal it. Rotary pumps of the jet type, as dis- 
tinguished from reciprocating dry-vacuum pumps, do not admit 
of the use of an air bell. Very good work in such circumstances 
can be done by applying Dalton's law to simultaneous observa- 
tions of temperature and pressure in the air suction line. Pro- 
vision for the result of such measurements is made on the line 
next to the last of the illustrated form. Fig. 25. It should be 
noted that if measurements in the air section line are made with 
the purpose of applying Dalton's law, refinement of measure- 
ment should be attempted because rotary pumps of the jet type 
frequently have quite large displacement, with the result that 
if small or moderate quantities of air are leaking into a con- 
denser the air in the act of withdrawal may be diffused through 
such a very great volume of very low pressure steam as to make 
the detection of the presence of the air, and much more its quan- 
titative measurement, a matter of difficulty. There is the con- 
solation, however, that if air is being withdrawn in large quan- 
tity the detection of its presence in the air suction line will not 
be difficult. It should be remarked also that the Dalton law 
method of quantitative measurement of air removal from a con- 
denser is just as applicable to dry-vacuum pump installations 
as to the others, subject only to the difficulties incurred in pres- 
sure measurements in pipe lines supplying any sort of recipro- 
cating pumps. 

Other Possible Faults to Which the Form Galls Attention. 
It may suffice to take up somewhat briefly a number of the re- 
maining items of importance appearing in the form shown in 
Fig. 25. Where water-sealed glands serve to prevent air from 
entering the turbine the pressure of water maintained on the 
gland supply lines by normal pumping action indicates normal 
or abnormal functioning of the glands with respect to water 
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consumption. If, for instance, the water consomption becomi's 
abnormally lai^ the water pressure will fall and the air-sealinc 
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efficacy of the gland will be interfered with, with consequent 
high air leakage and low condenser vacuum. 

The bonrs that a condenser has run since its last cleaning may 
affect the vacuum in two ways — it may account for a falling 
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away from the normal quantity of circulating water by reason 
of trash accumulations actually obstructing the flow, and it may 
interfere with the transmission of heat through the tubes to the 
water by reason of the heat insulating effects of mud or sedi- 
ment in the tubes. The hydraulic circuit of the condenser is 
capable of being handled much like an electric circuit. The 
differential pressure across a condenser varies greatly with the 
quantity of water flowing through it, but it also varies ' consid- 
erably at constant water flow with different amounts of trash 
obstructing it, particularly if the obstructing material is to a 
considerable extent leaves which become plastered over the tube 
plate. 

Again, where open intake wells are used, the fluctuation of 
levels in them may depend upon more than mere tide level vari- 
ation. Measurable lost head may occur in them due to per- 
forated openings designed to stop obstructing materials which 
might be harmful to the circulating pumps. Variation of quan; 
tity of water circulated due to any cause will then cause varia- 
tion of this lost head, but if at some constant quantity of cir- 
culating water the lost head in the circulating pump suction 
line increases to values appreciably above normal the bottom 
of the open intake well may need cleaning out. The absolute 
pressure which an air pump can maintain against a closed suc- 
tion value has been discussed before. Nothing is more impor- 
tant in vacuum maintenance. It is the prime indication of the 
pumping ability of the pump. To show forcibly how even the 
degree of air leakage itself is not more important and may in 
some installations be distinctly less important than the air- 
tightness and general perfection of mechanical workings of parts, 
Fig. 26 is published, showing absolute pressure in the suction 
lines of various pumps in actual service with large varia- 
tions of air leakage coming through the air suction lines 
from the condensers. The quantities of air leakage were 
measured by an air bell. The solid portions of the ruled straight 
lines were drawn through actual guarantees of the performance 
of a certain type of rotary pump in which water jet action ex- 
tracts the air; the upper line representing one pump and the 
lower line two. The numerous plotted points all represent ac- 
tual service performance of reciprocating dry-vacuum pumps. 
The lesson from the plot is clear. If a reciprocating pump is 
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in fine condition it may be capable of removing a great amount 
of air from a condenser and yet maintain admirably low abso- 
lute air pressure while it is doing so. On the other hand, 
through neglect of skillful maintenance work the absolute pres- 
sure may not be notably low even though the air leaking into the 
condenser and needing to be removed by the pump may be mod- 
erate in amount, thanks to a tight condenser. 

The use of an air bell gives such powerful means of control of 
vacuum maintenance by putting air leakage measurement upon 
a quantitative basis that an illustration of such a bell may be of 
interest, and is accordingly shown in Fig. 27. An air bell made 
from this drawing has been in satisfactory service for several 
years. The conception of using such a bell for the purpose did 
not originate with the company with which the writer is con- 
nected. So far as he knows it was first used by the New York 
Edison Company. 

As a refinement in the use of an air bell, a hole may be drilled 
in the top of it and a rubber stopper inserted through which 
is passed an ordinary chemical thermometer. In this way the 
temperature of the air may be measured as the bell rises. This 
allows correction of the air volume to standard temperature to 
be made. 
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POWER TRANSMISSION AND 
DISTRIBUTION 

By Charles R. Haete, Construction Engineer, 
the Connecticut Company, New Haven 



CHAPTER XIV 

■ 

THE FORGES WHICH ACT XTPON A TRANSMISSION 

LINE 

The present-day tendency to broad publicity shows that at 
last electric railway operators are realizing the fact that they 
are merchants, their wares being transportation, and that if 
they are to be successful they must follow modem methods of 
salesmanship. Transportation, however, is only the last step; 
before the goods can be sold they must be produced. The com- 
plications of this process and the opportunities which it affords 
for losses or economies all along the line are hardly appreciated 
except by those most intimately connected with the details. An 
investigation of the process from the time when the raw material 
— ^the fuel — is, delivered to the plant to the time when a ride is 
delivered to the customer, however, shows that it consists of a 
number of steps. The investigation will disclose also at least 
one, and in the majority of cases two, interruptions in the manu- 
facturing procedure while the principal ''material" of the ride 
is being shipped from one shop to the next. 

Let us start with the coal pile. The chemical energy locked 
up there must be transformed in the power station first to heat ; 
then through the agency of steam and the turbines or engines 
to rotary motion; then in the alternators to electrical energy, 
and finally in the step-up transformers to an entirely different 
variety of current for ''shipment" over the transmission line. 
At the substation the incoming energy is again changed to an 
entirely different form of alternating current ; then by the rota- 
ries or motor-generators to direct current, to be shipped over the 
distribution system to the car, wherein the motors convert it 
first into rotary motion and then, by the aid of wheels and 
track, into straight line car motion. The electric railway busi- 
ness involves, therefore, not only retailing of transportation, 
but producing it in three manufacturing plants and providing 
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two transportation systems to carry the product of each to the 
next in order. 

In the case of a small property, generation, transmission, con- 
version and distribution may all come under one department, 
but in larger systems each will have its own more or less com- 
plete organization. In a discussion in any detail each step will 
require individual treatment in many respects. 

It is proposed in the series of articles on transmission and 
distribution lines, of which this is the first, to set out in some 
detail the purpose and requirements of the several elements, and 
to describe some of the materials and practices which have come 
under the writer's observation. It is hoped that their appear- 
ance **once in a while'' will result in comment, criticism and 
additional information ; that the sum total of the discussion will 
form a helpful contribution to the art by indicating what to do 
or, perhaps, that which the late Dr. Thomas Egleston of the 
Columbia School of Mines always said was equally important to 
know — what not to do. 

In the transmission of power from the power station to the 
car it passes in general over the high-tension line, through the 
substation, over the low-tension feeders and finally through the 
overhead contact line or third-rail to the trolley wheel or shoe. 
In the present article we shall concentrate attention largely 
upon the transmission line, and particularly upon that impor- 
tant element, the pole. 

The transmission line is a transportation line pure and sim- 
ple, with the one function of transmitting high-tension current 
from generating station to substation. Electrically this re- 
quires construction which will keep the current on the wire and 
lightning off it. Mechanically there must be strength to resist 
storm and decay or corrosion, and supports must be provided to 
keep the wires out of mischief to themselves or others. In the- 
ory apparently these are very simple matters; in practice they 
are often surprisingly complicated, particularly in the case of 
the long-distance high-potential heavy-power lines. Such lines, 
however, are a whole subject in themselves, and indeed are 
more apt to be part of a big general-service power system than 
part of an electric railway. 

The moderate-voltage transmission lines which make up the 
large majority of those actually a part of ** trolley'' systems 
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have much in common with distribution lines, and to a consid- 
erable extent are combined with them. The greatest difference 
arises from the fact that while the transmission line serves 
merely as an industrial carrier between two fixed terminals the 
distribution line must deliver power to a rapidly moving car at 
any point along the line. In addition to carrying the current 
it must provide a satisfactory track for the collecting device. 
This fact gives the transmission line designer a considerable 
advantiEige, his mechanical problems differing only in degree 
from those which the older telegraph line practice had pretty 
well solved. Naturally the desire of not a few of those entering 
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Fig. 28 — ^Typicai, Tbansmission Line Pole Top 



the new field to impress the stamp of their originality on the 
art led to some outrageous construction. The one thing that 
refused to lend itself to **freak^* treatment was the form of sup- 
port which probably for some time to come, as heretofore, will 
carry a good majority of the lines, namely, the wood pile. 

The Pole Must Be Considered as a Beam. The line poles 
have three mechanical functions. They must support the dead 
weight of the line, withstand the tendency of the line and the 
wind to overturn them sideways, and hold the line sufficiently 
above the ground to provide adequate clearance. 

In its direct effect the dead load is of comparatively little im- 
portance as regards the pole itself. Crossarms and other at- 
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tachments, even though relatively numerous, do not weigh much. 
The pole top shown in the illustration, which is for two No. 00 
copper circuits with 150 ft. normal span insulated for 45,000 
volts but to operate at 33,000, has a dead load made up as fol- 
lows: 

Six insulators, 11 lb. each 66 lb. 

Six pins, 5 lb. each 301b. 

Crossarms, 58.5 + 41.5 lb 100 lb. 

Braces, 14.5 + 11.5 lb 26 lb. 

Bolts, etc 10 lb. 

Conductors, 6 x 150 ft., 0.403 lb. per ft 363 lb. 



Total 595 lb. 

With the conditions specified in the National Electric Safety 
Code as ''heavy loading," a dead load of 1230 lb. is produced. 
This provides for a coat of sleet % in. thick, making the diam- 
eter of each wire practically 1% in. The specified wind pressure 
of 12 lb. per foot, which is also a considerable part of the heavy 
loading, is assumed to act horizontally, and so does not affect 
the vertical load. The sleet increases the loading by 535 lb., to 
which must be added probably 100 lb. due to the ice on the arms 
and the pole itself. This 1230 lb. is far below the capacity of 
any ordinary pole acting simply as a strut, but its effect on 
the arm is quite a different story. 

Considering the pole as a beam, however, the effect of the 
loading in conjunction with wind, or in the unhappy case of un- 
balanced stresses due to some form of failure on either side, is a 
more serious matter. Before considering this, however, it is 
well to see what are the forces which must be overcome. 

Estimating Maximum Stresses on Transmission Lines. The 
two forces which may tend to overturn a pole are those due to 
the wind and to the unbalanced pull of the conductors. The 
assigning of proper values to these forces in designing a line 
was the subject of bitter discussion until the appearance in 1911 
of the * ' Specifications for Overhead Crossings of Electric Light 
and Power Lines." This work was prepared by a joint com- 
mittee of the National Electric Light Association (at the in- 
stance of whose committee on overhead line construction, and 
particularly of Farley Osgood, chairman of the committee, the 
work was undertaken), the American Institute of Electrical En- 
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gineers, the American Electric Railway Association, the Asso- 
ciation of Railway Telegraph Superintendents and the American 
Railway Engineering and . Maintenance of Way Association 
(now the American Railway Engineering Association). The in- 
terests of the telephone companies, which have no corresponding 
national organization, were represented by F. L. Rhodes and 
H. S. Warren of the N. E. L. A. and A. I. E. E. respectively. 

This committee selected the following as reasonable maximum 
pressures upon sleet-covered structures: 8 lb. per square foot 
of area of conductors with a coat of sleet increasing the diam- 
eter by 1 in. (% in. of sleet) and 13 lb. per square foot **on the 
projected area of solid or closed structures and one-and-one-half 
times the projected area of latticed structures." These pres- 
sures correspond to an ** indicated" wind velocity of about 70 
m.p.h., or an actual velocity of about 60 m.p.h., the difference 
being due to the fact that the usual cup anemometer gives read- 
ings higher than the actual velocities. 

Velocities higher than those specified do occur, but almost 
never with sleet. In the case of large towers in exposed posi- 
tions such higher velocities against the uncoated surfaces may 
require special consideration, but as a rule, on the rare occa- 
sions when such velocities occur the reduction in area by the 
loss of the sleet more than offsets the higher pressures. 

A Few Peculiarities of Sleet. The production of sleet on 
transmission lines requires a peculiar condition, namely, a tem- 
perature below freezing on the ground with one above freezing 
higher up so that the rain or wet snow does not freeze until it 
strikes the line. A very little temperature change fortunately 
stops the process, but altogether too frequently for the engi- 
neer's peace of mind the critical conditions endure long enough 
to do serious damage. The thickest sleet coat is much of the 
same class as the biggest trout caught; details are best remem- 
bered long afterwards. At the time of the occurrence the senti- 
ment of all involved is apt to be that of a lineman whose failure 
to get some actual measurements in view of the previous specific 
requests for facts was mildly commented on by the writer. In 
this case the prompt '* come-back" was *'It bust the line; what 
the h — more do you want 1" 

Sleet ranges from a porous white and comparatively light 
form through all grades up to a beautifully clear ice. As a 
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rule the white ice, some of which is almost as heavy as the clear 
ice, occurs with heavy winds. The clear ice is apt to form in 
quieter times, and to be followed promptly by clear cold weather 
with high wind. However, there seems to be no certainty in the 
matter and either form of sleet may do great damage. 

The severe storms of 1909, one of which ** assisted" in the in- 
auguration of President Taft, were of the frozen-snow type. 
The storm of Dec. 13, 1915, was chiefly one of clear ice. The 
latter was notable in that, although it left the ''overhead" prac- 
tically uninjured it put the New York division of the New 
Haven Railroad out of business for several days by wrecking 
its communication lines. In these particular storms the dam- 
age was chiefly due to the weight of the accumulations. It oc- 
curred very largely on communication lines, the heavy leads of 
light wire affording a particularly good opportunity for trouble. 

How Geography Affects the Sleet Question. The evidence 
collected since the work of the joint committee was completed 
has shown the fairness and wisdom of its standard, and the 
%-in. ice and 70 mile, zero-degree wind have been adopted by 
the federal Bureau of Standards in the new National Electrical 
Safety Code, the last word on the subject. In the code, how- 
ever, the pressure against supports has been taken at 12 lb. in- 
stead of i3 lb. per square foot and lighter loading is prescribed 
for those sections of the country in which heavy sleet storms do 
not occur. 

The district of heavy loading comprises all territory north of 
a line starting at the mouth of the Potomac River, passing east 
of Raleigh, N. C, along the line of the southern boundary of 
Tennessee to the Mississippi, in a southerly direction to Dallas, 
Texas, and thence northward in a curve cutting off the northeast 
corner of New Mexico, through the northwest corner of Colo- 
rado to a point on the Canadian border about 100 miles east of 
the northwest comer of Montana. 

The region of medium loading lies between this line and one 
which starts near Beaufort, N. C, runs south of Aiken, S. C, 
parallels the heavy-load region to a point near Waco, Texas, and 
thence sweeps west, passing into New Mexico at the Pecos River, 
through the south corner of Nevada and the valleys of the San 
Joaquin, Sacramento and Klamath Rivers to the Pacific. In 
the territory between this and the heavy loading area the maxi- 
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mum loading of the conductors is assumed to occur at a tem- 
perature of 15 deg. Fahr., and to be two-thirds of the value of 
the resultant wind and ice loads in the heavy loading district 
unless, as is the case with large conductors, this reduced value 
is less than one and one-fourth times the weight of the bare con- 
ductor. Under such circumstances one and one-fourth times 
the weight of the bare conductor is to 1^ used, while for the sup- 
ports the pressure is taken at 8 lb. per square foot. In the dis- 
trict lying south and west of this medium-loading area sleet is 
practically unknown, and for this section the maximum load is 
assumed to occur at 30 deg. Fahr., and to be four-ninths of the 
value of the resultant of the wind and ice loads in the heavy- 
loading district, but in no case less than one and one-fourth 
times the weight of the bare conductor. For the supports the 
pressure is taken at 5H lb. per square foot. 

Some Examples and Applications. Let us now get down to 
the practical application of all of this. The several forces push- ' 
ing on the pole tend to break it off at the ground line if it is 
well set. The fibers of fhe pole resist this tendency, and the 
problem is to pick a ** winner" for the pole. 

The force against the pole is practically as follows : 

_ butt diameter + top diameter 

Force, = X length above 

2 

ground X wind pressure per square foot. The pole dimensions 

are all in feet. 

The effect of this force over the entire length is as if it was 

all applied at a point midway between top and ground. The 

force resulting from the wind against each ice covered conductor 

is: 

_ conductor diameter + 1 in. _ 

ForcCa = X % length of each ad- 

12 

jacent span X wind pressure per square foot. The conductor 

diameter is in inches and the span length is in feet. 

In the case of the pole top previously considered the average 

pole is 35 ft. long, with 6 ft. in the ground ; the top diameter is 

8 in., and the ground-line diameter is 13 in. For the heavy 

loading region we have : 

1.08 + 0.67 ^« .« „^. . „ 
Forcci = -1- X 29 X 12 = 304.5 lb. 

2 
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29 
' Bending moment at ground line = 304.5 X — ^=4414 Ib.-ft., 

2 

due to the pole itself. 

For each wire: 

0.42 + 1.0 X/ 150 150 \ 
Force2= — -^( \- ) X 12 = 213 lb. 

12 \ 2 2 / 

For the upper set : 

Bending moment = 4 X 213 X 29 = 24,708 Ib.-ft. 
For the lower set : 
Bending moment = 2 X 213 X (29 — 2.67)= 11,217 lb.-£t. 
The total bending moment = 4414 + 24,708 + 11,217 = 40,339 

Ib.-ft. 

The moment of resistance of the pole in pound-feet is equal 
to 0.0002638 times the fiber stress in pounds per square inch 
times the cube of the circumference at the ground line in inches. 
If we make this equal to the pound-feet bending moment due to 
the wind we get the fiber stress as follows : 

Fiber stress = '- =2220 lb. per 

0.0002638 X 41 X 41 X 41 

square inch. 

As the breaking strength of chestnut, cypress, Southern pine 
and Western red cedar is 5000 lb. per square inch and of North- 
ern white cedar 3600 lb. per square inch, sound poles of the first- 
named woods 41 in. in circumference at the butt would provide, 
under the conditions given, a factor of safety of 2^/4. For North- 
ern white cedar the safety factor would be 1%. A factor of 
safety as low as that for Northern white cedar would make close 
attention to pole condition desirable and necessitate prompt re- 
newals later on. 

It is always desirable by calculation to test the probable 
strength of the poles used. For the average line ''Class B'' 
poles will almost always serve, but definite figures made at the 
time the line was built are often of great value in later discus- 
sions with regulative bodies. 

The following table gives the maximum resisting moments of 
poles for fiber stresses of 5000 lb. and for 3600 lb. The former 
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is a conservative breaking value for sound chestnut, cypress, 
Southern pine and Western red cedar, and the latter for North- 
ern white cedar. The actual stresses should in no case exceed 
one-half of the values of the table. 



Circum- 
ference 
of Pole 
at Ground 
Level in 


Breaking Moment in 

Pound-feet for Fiber 

Stress in Pounds 

per Square Inch of 


Circum- 
ference 
of Pole 
at Ground 
Level in 
Inches 


• 

Breaking Moment in 

Pound-feet for Fiber 

Stress in Pounds 

per Square Inch of 


Inches 


5000 lb. 


3600 lb. 


5000 lb. 


3600 lb. 


30 


36,620 


25,650 


46 


128,400 


92,450 


31 


39,300 


28,300 


47 


136,940 


98,600 


32 


43,220 


31,120 


48 


145,880 


105,030 


33 


47,400 


34,130 


49 


155,200 


111,740 


34 


51,840 


37,320 


50 


164,880 


118,710 


35 


56,560 


40,720 


51 


174,960 


125,970 


36 


61,540 


44,310 


52 


185,460 


133,530 


37 


66,820 


48,110 


53 


196,360 


141,380 


38 


72,380 


52,110 


54 


207,700' 


149,540 


39 


78,240 


56,330 


55 


219,450 


158,000 


40 


84,440 


60,800 


56 


231,640 


166,780 


41 


90,900 


65,450 


57 


244,270 


175,870 


42 


97,720 


70,360 


58 


257,350 


185,290 


43 


104,860 


75,500 


59 


270,890 


195,040 


44 


112,360 


80,900 


60 


284,900 


205,130 


45 


120,200 


86,540 









It is the general practice to assume that any ordinary unbal- 
anced pull in the direction of the line will not exceed that re- 
sulting from a cross-line wind against iced conductors. Pulls 
resulting from angles, long spans, and possible conductor fail- 
ures are almost invariably met by special guys or braces. Occa- 
sionally, however, it becomes necessary to meet the stress with 
an unguyed pole, in which case a more careful analysis must 
be made. This will be considered later in connection with spe- 
cial structures. For the general line the assumption that the 
weakest point of the pole is at the ground line is sufficiently 
accurate. 



CHAPTEK XV 

OETTINO THE BIGHT WOOD POLES FOB ELECTBIG 

BAILWAY SEBVICE 

Low first cost, above all other considerations, leads to, and will 
continue for some time to result in the use of wood poles as the 
chief support of most of the light and medium heavy power lines, 
irrespective of whether or not this is true in the long run. In 
addition to being relatively cheap, wood poles are easy to handle ; 
they are reasonably available (there are few sections of the coun- 
try which cannot furnish some sort of local pole) ; they are easily 
climbed, and in soft ground they can be successfully used with 
special but relatively inexpensive construction where steel or 
concrete structures would require very costly foundations. 

Poles Last About Twelve Years on the Average. As against 
these advantages, wood poles are comparatively short-lived. 
This is due to decay (which accounts for about 95 per cent of the 
replacements), insect attack, fire, lightning stroke, woodpecker 
injuries, and sleet and wind storms. 

In the years 1907 to 1911 inclusive, the Department of Agri- 
culture recorded the purchase of some 17,560,000 poles. If we 
assume that 10 per cent of these were used on new construction, 
and this is more likely an over-estimate than the contrary, the 
average annual replacement was about 3,512,000 poles. This on 
a basis of 40,000,000 poles in use, a generally accepted figure, 
would mean an average life of twelve years. Such a life checks 
closely with some figures gathered by the National Electric Light 
Association. If we multiply the average life of each kind by 
the ratio of that kind to the total in 1915 we get the data given 
in Table I. 

The above table, however, does not tell the whole story, for the 

labor of replacing a pole is considerably greater than that of 

originally setting it, and tlie disturbance of the attachments not 

only costs money, but shortens the life of the attachments them- 

146 
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selves. Altogether the annual bill for wood-pole replacements is 
a serious matter. Part of the outlay is unavoidable, but a con- 
siderable part is unnecessary and should, therefore, be pre- 
vented. 

TABLE I— LIFE OF TRANSMISSION LINE POLES 

{a) Average (5) Dept. 

Life, Years, of Agriculture, Product of (o) 

Kind of Pole N.E.L. A. Data per Cent of Total and ( h ) Years 

Cedar 13.5 63.9 8.6 

Chestnut 12.0 17.5 2.1 

Cypress 9.0 2.3 .2 

Pine 6.5 6.0 .4 

Oak, etc say 8.5 10.3 .9 

"Weighted" Average Life 12.2 

There are many species of tree which are suflBciently upright 
and straight in their habits to permit their use for poles, but 
most of these give short service life, lack strength, or are scarce 
so that there are but few which are extensively employed for this 
purpose. The Department of Agriculture records purchases of 
4,077,964 poles of all kinds, for the year 1915 ; nearly a third '6i 
these, however (1,236,694), were under 20 ft. in length. Tele- 
graph and telephone companies took 44 per cent of the total, 
electric railway and power companies 35 per cent and steam rail- 
roads the remaining 21 per cent. The government records, cov- 
ering the years 1907-1911 inclusive, and 1915, show the relative 
demands for several leading species of timber as given in Table 
II. 

TABLE II— RELATIVE USE OF SEVERAL POLE WOODS 

Consumption Consumption 

Kind of Wood in 1915, Average, 1901-1911 and 

1915, per Cent 



Northern white cedar 


per Cent 

. . . 42.S 


Western red cedar 


. . . 13.9 


Red cedar 


2.9 


Southern white cedar or juniper 

All cedars 


2.2 

61.8 


Chestnut 


15.9 


Pine 


13.4 


White oak 


4.4 


Red oak 


0.5 


All oaks 


4.9 


Cypress 


1.6 


Redwood, spruce, tamarack, osage, 
ange, etc 


or- 

2.4 



63.9 

17.5 

6.0 



5.2 
2.3 

5.1 
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Cedar, which furnishes about two-thirds of the poles used, is 
long-lived in service, strong, light, straight and of a nature which 
permits easy and safe climbing by means of spurs. Further, the 
wide distribution of the several varieties makes it available al- 
most everywhere without prohibitive transportation charges. 

Of the four varieties chiefly used, the northern white cedar or 
arbor vitae is by far the most important, furnishing in 1915 two- 
thirds of all cedar poles, or 43 per cent of all poles. This was 
nearly three times as many as were furnished by the next most 
important wood, chestnut. 

Winter-Cut Poles Are Best. Cedar is a common swamp tree 
in the Lake and the Northeastern States and in Canada, the 
bulk of the supply, however, coming from the Lake States. Like 
practically all timber it should be cut when the sap is not flow- 
ing as the sapwood contains the least amount of food for the 
fungi and other causes of decay. Further, unless the seasoning 
is done very slowly, the rapid evaporation of the large amount 
of water present if the sap is flowing is likely to cause serious 
checking. 

It is accordingly quite customary to specify ** winter cut'* 
poles, but in very few cases is any effort made to determine 
whether or not the specifications have been complied with. It so 
happens, however, that winter is the most convenient time for 
cutting poles, hence the majority of poles, fortunately, meet the 
specification. Distinguishing ** winter cut'' wood from ** sum- 
mer cut" is in most cases, if not always, much like distinguish- 
ing *'bled" yellow pine from *'unbled"; unless the facts are 
known it is practically impossible to do it. 

Western red cedar, known also as red cedar, Western cedar, 
or Idaho cedar, ranked third in importance in 1915, 13.9 per 
cent of the poles used being of this species. It is being cut 
chiefly in the region of the lower Columbia River, of Puget 
Sound and of northern Idaho. It, however, is much more widely 
distributed than this. Poles from the Columbia are said to be 
much freer from butt rot and to weigh more than those from 
the other localities ; otherwise there is said to be little difference. 

Western cedar is a very straight-growing tree and furnishes 
poles of particularly fine appearance. Its chief shortcoming is 
that it tapers but slightly, hence to secure the necessary butt 
diameter for heavy service, poles much longer than would other- 
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wise be needed must be cut. In spite of the freight charges, 
Western cedar has been able in the past to compete to a small 
extent with chestnut even in the territory of the latter. With 
the serious reduction of the supply of chestnut as a result of the 
spread of the blight, its more extended use in the East is almost 
certain. 

Red cedar, which furnished 2.88 per cent of the 1915 supply, 
occurs throughout the East. In the Northern States the trees 
are usually too short and too crooked for use as poles, but in the 
South they grow tall and straight. The heartwood lasts for a 
long time in the ground, but the sapwood decays very rapidly, 
giving the untreated pole a comparatively short life. 

Southern white cedar, better known as juniper, furnished 2.19 
per cent of the 1915 cut. Like red cedar its use is largely local, 
due, however, not to other demands for the wood, but to the fact 
that it is one of the less desirable poles, having a fiber strength 
in pounds per square inch of 3300, against 3600 for Northern 
white cedar, 4200 for red cedar and 5100 for Western red cedar. 
Moreover, its life, untreated, is but eight and one-half years 
against thirteen and one-half years for the others. 

Chestnut Is Hard Hit by the Blight. Chestnut has heretofore 
furnished a much larger proportion of the poles than any of the 
woods except cedar, the percentage in 1915 being 15.98. How- 
ever, the enormous destruction of the trees of this species by the 
** blight,'* or bark disease, the effect of which is now being widely 
felt, is certain to make it much less important for some time to 
come. 

Growing freely in most of the eastern part of the country, its 
mechanical strength, long service life, straightness, height and 
wide distribution have made chestnut a general favorite. It is, 
however, considerably heavier than the cedars, is not so straight 
and, if we except juniper, is not so long-lived in service, aver- 
aging, untreated, twelve years as against thirteen and one-half 
years. 

In 1905 the chestnut trees were first attacked by a fungus 
which feeds on the inner bark and the outer growing, or cam- 
bium, layer of the wood. In 1908 the loss of ornamental chest- 
nut trees was estimated by the forest service of the Depart- 
ment of Agriculture to be ** certainly several million dollars." 
Since that time the plague has spread until to-day there is com- 
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paratively little chestnut left east of the Appalachians and north 
of Vir^nia. So far no practicable method of prevention is 
known. Fortunately the wood itself is practically unaffected, 
and on the death of the tree the fungus also dies. It has, there- 
fore, been possible to use much of the larger timber, but the loss 
of the young wood is now beginning to be seriously felt. Under 
the most favorable circumstances there will be a considerable 
period when the available pole material of this wood will be 
almost nil. 

Chestnut grows from individual seed, or from groups of 
sprouts from live stumps. In the former case it is usually 
straight throughout, but in the latter the several trunks grow 
out at an angle of about 60 deg. for a few feet, thus getting clear- 
ance, and then rise vertically. In pole stock this bend usually 
occurs not oyer 6 ft. from the butt, so that it comes at or below 
the surface and affects neither the appearance nor strength of 
the line, although the unset pole may appear hopelessly crooked 
to one not accustomed to this peculiarity. 

Pine Poles Require Treating for Long Life. Pine until re- 
cently has made up less than 5 per cent of the total pole supply, 
due to the fact that although it is one of the strong pole woods, 
it has the shortest service life of any unless treated. There is 
also a great demand for it for other purposes. The heartwood 
is fairly long-lived in the ground, but the sapwood, which is a 
large portion of most kinds of pine, decays very rapidly. 

Of the Southern pines, the long-leaf variety does not take pre- 
servative treatment very welL It has been used to some extent 
for sawed poles, but the well- justified dislike for such poles and 
the value of the wood for other purposes are steadily reducing 
the proportion of this species in use for poles. Short-leaf pine 
has more sapwood, and so takes preservative better, but its value 
for lumber also cuts down its use for poles, and it is weaker than 
long-leaf pine. *' Loblolly" pine, which is steadily growing in 
importance, unlike most pole materials, requires treatment all 
over and not merely at the butt. So treated it has long life and, 
while the weakest of the three kinds of pine mentioned, its 
strength is about the same as that of the Northern white cedar. 

Western Yellow Pine Has Oood Qualities as Pole Wood. 
Western yellow pine when treated makes a good pole for local 
use, particularly if hill grown. Such stock is better shaped, 
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finer grained and stronger than that from the valleys. Un- 
treated it lasts barely three years, but it takes preservative 
readily and in many parts of the Southwest where this pine is 
common, a butt-treated pole is cheaper than Idaho cedar un- 
treated, due to the high freight charges on the latter. It has 
substantially the same service value. Its use is steadily increas- 
ing, and in 1909 it was estimated that the supply was more than 
half as much as the combined supply of all the hard woods in 
the United States. It grows freely and rapidly, with a strength 
practically that of Western red cedar. In view of these facts 
it is quite likely to become one of the more important pole woods 
of the near future. The best stock is found on the Pacific 
Coast, but the tree grows commercially in more than a third of 
the United States. 

*'Lodgepole*' pine, untreated, has the family weakness, but 
takes preservatives readily. In its own territory, which is the 
mountain section of the West, it is steadily growing in popular- 
ity. Although it is widely distributed its low strength, about 
75 per cent that of the Western red cedar, will probably confine 
its use as at present to a limitfed territory. . Lodgepole is a slow 
growing tree and one that has been extensively killed by forest 
fire. Much of the wood so killed, however, is in fine condition 
for treatment, for it has been thoroughly dried out and as long 
as the wood remains sound, which is often for many years, it is 
at least as good as if live cut. 

The Department of Agriculture figures show almost exactly 
three times as many pine poles purchased in 1915 as the annual 
average for the years 1907 to 1911 inclusive, and although the 
percentage of each species used is not given, this increase is in 
all probability due largely if not entirely to the growing em- 
ployment of treated poles of species which are less valuable for 
lumber. 

White oak, which furnished 4.36 per cent of the 1915 total 
and had maintained approximately that position in earlier years, 
until recently was employed almost entirely in short lengths and 
on light and comparatively unimportant communication circuits. 
Its short life, great weight and high cost makes it one of the less 
desirable pole woods. Although the total number of white oak 
poles reported in 1915 did not materially differ from those of 
previous years, there was a very peculiar change-about. The 
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communication companies, which up to that time had used about 
90 per cent of the annual cut, leaving about 1 per cent for power, 
light and railways and about 9 per cent for the steam roads, in 
that year took but 19% per cent, while the steam roads took 73 
per cent and the electric companies 7% per cent. 

Red oak has all the shortcomings of white oak, and in addition 
some of its own. Its use is so limited that it hardly deserves 
mention. It is used almost entirely on light short-pole commu- 
nication circuits of minor importance. It furnished but 0.53 per 
cent of the total cut of 1915. 

Cypress Seems Better for Shingles than Poles. Cypress, 
which produced 1.66 per cent of the 1915 poles, has shown since 
1907 a steady falling off, not only in percentage but in actual 
number of poles cut. It is a slow-growing swamp tree of the 
South, of peculiar characteristics. The sapwood decays rapidly, 
but the heartwood has an extremely long life. Many instances 
are recorded where shingles have been in service for more than 
100 years. Greenwich, Conn., Brooklyn, N. Y., and Clifton, 
Staten Island, N. Y., have reported shingles still in service after 
200 years. Brooklyn claims 228 years' life for the shingles, and 
Greenwich, 250 years. In its home territory cypress makes a 
very satisfactory pole, but elsewhere it has shown much varia- 
tion. One case was reported in the Northeast where a line of 
unusually heavy poles had a life of less than 5 years. 

Redwood, used locally on the Pacific Coast, furnished nearly 1 
per cent of the total cut of poles in 1907. The reports show wide 
variations in different years, the number in 1915 being too small 
to record separately. The poles are strong and durable, and as 
they are almost always if not invariably sawed from large logs, 
there is no trouble in securing uniformity of size and taper. 

There Are ''Also-Bans" Among Pole Woods. Besides the 
above-named woods there is an extensive list of *' also-rans, " a 
few of which are very good, but too rare for any but very local 
use. Others are used because they are the cheapest, or the only 
material available. 

A number of these are as follows, the approximate ratios of 
the maximum use of some of the most important to the total 
being given: Balsam, bois d'arc (0.5 per cent), butternut, ca- 
talpa, cherry, chinquipin, cottonwood, douglas fir (0.7 per cent), 
elm, hemlock, locust (0.3 per cent), mulberry, osage orange (0.6 
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per cent), sassafras, spruce (0.3 per cent), tamarack (0.8 per 
cent), walnut and willow. 

Averaged over a number of years, however, the proportion of 
the woods used is very small and they usually are reported under 
the charitable mantle of *'all others." Throughout the Middle 
West and the West, particularly, are many miles of -'independ- 
ent'* and country party lines which employ of necessity anything 
to which their wires can be attached, many of the ** poles" being 
living trees. The fact that of the **all other" poles which made 
up 2.44 per cent of the 1915 total, practically half were under 
20 ft. in length, and 39% per cent more were between 20 and 29 
ft., clearly indicates the character of lines on which they were 
employed. 

Practical application of the above information can only be 
made in the light of local facts. Other things being equal the 
local pole is obviously the one to use. As against one or more 
of the superior virtues of longer life, greater strength or better 
appearance of the foreign pole must be weighed its cost at the 
hole, including not only the f .o.b. price, but the freight, handling 
and hauling charges. Sometimes poles can be hauled direct 
from car to hole, but often they must be stored for a time, in 
which case there are not only the double handling charges, but 
yard service and fire and accident insurance, all or part of which 
can generally be avoided in the case of local poles. 

Weight should also be given to the fact that a wood which has 
a long service life in the locality where grown may show much 
shorter life elsewhere. This is apparently due to the same fact 
which makes possible the various inoculations against disease. A 
light form of the given or a related disease often, leaves in the 
system of both animals and plants a substance which is poison to 
other **bugs" of the same kind. The local tree, through a mild 
attack while alive, has stored up that which for some time keeps 
the local form of decay from the pole; but this is of little or no 
avail against the different fungi or bacteria of another region. 
The case of cypress, referred to previously, is apparently of this 
kind. It should also not be forgotten that a local material, short 
lived if untreated, may as the result of treatment show better 
results than a higher grade of foreign timber. Finally it must 
be remembered that, in replacing a pole, not only is there the 
direct cost of the work, but the disturbance of the attachments 
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always shortens their service life, and in many eases leads to the 
immediate replacement of material which, if untouched, would 
be good for some time longer. 

The injuries to which wood pole-stock is subject naturally 
divide into two classes, those occurring before use as poles and 
those occurring in service. 

''Bof' Is the Principal Enemy of Pole Life. ''Rot" is the 
result of the action of plant life, chiefly fungi, but of bacteria to 
some extent also, the general effect of the two being the same. 
Through the action of these parasites the cell structure of the 
wood is broken down, leaving a mass with little or no strength. 
The appearance of the rot depends on the kind of wood and the 
''villain'' that produced it. Except in name it is identical with 
the decay which occurs after a pole has been set, but the term 
"rof is generally used for internal breakdown which occurred 
during the life of the tree. 

"Butt rot" is the least serious of these evils, because it is so 
obvious that its extent can readily be determined. It is common 
in the cedars and occurs more or less frequently in almost all 
pole woods, but unless it takes up more than 10 per cent of the 
butt section, or extends above the ground line when the pole is 
set, it is of little importance. The action does not continue after 
the pole has seasoned unless the cavity is open to the air as well 
as to moisture. 

"Heart rot" and "ring rot" are much more serious because 
of their concealment, although signs are almost invariably pres- 
ent which to the experienced pole man at once tell the story. 
The majority of the rots require air, moisture, and heat for their 
development. Their occurrence inside the pole is possible only 
as some opening admits the two first-named, and inspection will 
usually reveal the holes, or decayed or loose knots, responsible 
for the trouble. Tapping will reveal the presence of hidden 
cavities by the characteristic sound. 

Bacteria and Fungi Must Be Kept Out of the Poles. 
"Shakes" and "checks" are cracks resulting from wind action 
or from too rapid seasoning. "Ring," or "cup shakes," involv- 
ing separation on the lines of growth, usually result from the 
swaying of the tree in the wind and doubtless indicate a previ- 
ous weakness in the growth. "Star shakes," "star checks," 
"checks" and "cracks" are radial splits of greater or less extent 
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and may be the result of wind action, of abuse when the pole was 
cut, or of too rapid seasoning with consequent irregular shrink- 
age and cracking. 

'*Cat faces" are spots which have been stripped of bark at 
some time, and over which the bark has never entirely grown 
again, leaving a round spot of dead wood. Sometimes there is 
but a thin shell of this dead wood and beneath it the wood is 
perfectly sound. However, like any bark injury which reaches 
the wood, it is an invitation for fungus to enter which is quite 
likely to be accepted. The scar is looked upon with a suspicion 
often well justified by the heart or ring rot which has resulted 
through it. 

Knots are obviously unavoidable in natural sticks, and so long 
as they are sound no criticism can reasonably be made of their 
presence except possibly on the ground of appearances. If the 
knots are discolored or at all loose or decayed it is quite another 
story, and rejection of the pole is almost invariably the part of 
wisdom. If rot has not already occurred inside it certainly will 
unless special measures are taken to prevent it from doing so. 

Ant, grub, and worm holes in themselves are usually not im- 
portant, but, unless they are of very small extent and will be 
below the groundline when the pole is set, their presence indi- 
cates existing or probable trouble in the wood itself. Further 
they are apt to lead woodpeckers into investigations which if 
they do not directly result in weakening the pole, give the rain 
and the rots an opportunity to enter. 

Cypress is subject to a disease which, so far as the writer is 
aware, attacks no other pole timber, or at least no other impor- 
tant pole timber. It is true, however, that the ** incense cedar" 
of the Pacific Coast is subject to **pin rot," which is somewhat 
similar. In the cypress a fungus eats holes through the wood of 
the living tree, which are from a quarter of an inch to an inch 
wide and often several inches long. The holes are frequently 
bored in very great numbers, seriously reducing the strength of 
the wood, although oddly enough it at least does not seem to 
reduce its resistance to decay. It is commonly believed that the 
**pecky cypress," as it is called, lasts very much longer than the 
unaffected wood. 

In many specifications the writers have included unwarranted 
objections to **dead," *'fire killed," or ** river" poles. There is 
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a more or less widespread prejudice against the use of poles 
which show any signs of having died on the stomp, although 
exhaustive tests of the woods most subject to such untimely end 
have shown no appreciable effect on the life so long as the wood 
is sound. The better specifications of to-day provide for the 
acceptance of such poles which show sound wood under a thin 
dead surface. 

The extent to which defects may or may not occur in poles for 
various services is set out in much detail in many specifications, 
more or less intelligibly. The following summary of these covers 
the important elements. 

Wood poles must be delivered in piles or on cars at specified 
delivery points, and will be inspected at points of shipment or 
of delivery as may be agreed. In either case the shipper must 
give the purchaser every facility for inspection. 

Poles of whatever kind of wood must be first quality, reason- 
ably straight, well proportioned from butt to tip, without short 
crook, reverse curve, or two or more curves or crooks ; they must 
be barked but not shaved, with knots and limbs closely trimmed 
and butts and tips squared, and they must be of full dimensions. 
No allowances will be made for alleged shrinkage said to be due 
to seasoning or to any other cause. 

The poles must be sound, free from butt rot, butt hollows 
which would impair the strength -as poles, large cracks or season 
checks, large, loose, hollow, unsound, rotten, or plugged knots; 
ant-eaten, grub-eaten, or worm-eaten wood unless of small ex- 
tent and below a line 6 ft. above the butt; woodpeckers' holes, 
cat-faces unless small and sound and not within 6 ft. of the butt 
or within 10 ft. of the tip; wind-shakes, ring-shakes, or cup- 
shakes, sap-rot, internal rot or bad tops. 

Some Woods Require Individual Specifications. Northern 
white cedar and Western red cedar, in addition to meeting the 
above requirements, must have at least three-fourths of the sur- 
face free from dead streaks. Dark red or copper-colored sur- 
faces will not be considered cause for rejection if good sound 
wood lies immediately beneath. No pole will be accepted if it 
has a twist in excess of one complete twist in 20 ft. of length. 
Hollow heart in sound butts will be accepted if the circumfer- 
ence at a point 6 ft. above the butt is greater than specifications 
for sound poles by the amounts given in Table III. 
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Scattered rot not less than one-fourth of the diameter from the 
circumference will be figured as equivalent to hollow heart of 
the same cross-section ; cup shakes, star shakes, and heart shakes 
will be figured as equivalent to hollow heart area as that checked 
or shaken. 

Redwood poles must be sawed from first or second butt-cut 
logs of sound No. 1 redwood and shall have not over 4 per cent 
of area in sapwood, nor shall the sapwood be over 1 in. at any 
point. No transverse cracks will be allowed, and butt hollows, 
if present, must have sound walls and must not have an area 
over 10 per cent of the pole section at that point. 

Dimensions of Class A and of Class B wood poles must be as 
given in Tables IV and V. 



CHAPTER XVI 

VI&TUES AND LIMITATIONS OF STEEL SUPPORTS 
IN OVERHEAD CONSTRUCTION 

In favor of the use of wood poles in overhead construction are 
low first cost, ease of framing for any construction, compara- 
tively light weight facilitating both field transportation and 
erection, and ease of climbing. On the other hand they have to 
answer for rather short life, involving not only replacement of 
the pole itself at frequent intervals, but also inevitable injury at 
such time to the attachments ; for liability of burning in case of 
current leakage or of grass or other fires near by ; and in many 
instances for the appearance if not the fact of obstruction to 
traffic. With a public not entirely in sympathy with the owners, 
such appearance is quite likely to lead to agitation for under- 
ground construction. 

The permanent poles divide naturally into several groups, 
namely, latticed steel poles, steel towers, tubular poles and con- 
crete poles. The last-named will not be taken up in the present 
article. 

Latticed steel poles are the least common and generally speak- 
ing — although there is at least one exception, the Bates pole — 
the most costly. In fact, until the appearance of the exception 
referred to, latticed poles were used chiefly in special cases where 
towers required too much room and tubular poles failed to give 
the necessary strength. For trolley service they have had some 
use in a few cities, and they are rather attractive in appearance, 
but the large amount of labor involved in their construction 
makes the cost excessive. For heavier service the section is 
usually square, with angles for comers and latticing outside. 
If the legs are slightly curved outward at the base, as in the 
case of the New York Central Railroad poles, the effect is much 
more pleasing than that produced with a straight taper. 

Fabricated lattice poles, being almost invariably used to meet 

special conditions which fix the dimensions, possibly require spe- 
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cial designing. This is best done jointly by the line engineer 
and the designing engineer of the shop which is to build them, 
in order that on the one hand the service requirements shall be 
met and on the other that so far as possible the details follow the 
regular practice of the shop. Sometimes special construction re- 
quires special details, but in the majority of cases this is un- 
necessary or can be avoided by unimportant changes in the main 
design. In a small shop doing a large variety of work with a 
limited equipment special designs and details do not make so 
much difference, but in a large establishment equipped for quan- 
tity production variations from the routine practice not infre- 
quently double both cost and time of production. 

The Expanded Type of Pole Is Promising. The latticed pole 
which is an exception to the high cost of the majority of types, 
and which seems to have a considerable field before it, is, at least 
up to a length of 35 ft., made from a single piece of metal, an 
H-beam of special section. The web of this is first slit properly 
by a special rotary punch, and then, after heating, the flanges 
are pulled apart, the web sections forming the equivalent of lat- 
tice bars, with the marked advantage that they do not require 
riveting. For lengths above 35 ft. two sections are spliced to- 
gether. While at least at present the available stock and appa- 
ratus limits the size and capacity it would seem that heavy ser\"- 
ice square poles might well be fabricated with considerable 
economy by using two poles of suitable size of this type with 
lattice bar or plate connections. They have been employed and, 
it is claimed, very successfully as legs for short towers. 

Grading insensibly into poles are the steel towers, which are 
used very extensively on transmission lines of voltages above 
22,000 ; and to a constantly increasing extent on the lower volt- 
age lines. Their ability to carry long spans and thus reduce the 
number of insulators and their insurance against interruptions is 
supplemented by comparatively low cost. 

We Owe Something to the Windmill Tower. While in the 
past there have been designs without end, there is to-day a tend- 
ency toward standardization. The steel towers first used were 
straightaway windmill towers, including the operating platform 
at the top. The platform long ago disappeared, but the general 
design, with light angle legs and long and lighter braces, still 
persists and the towers give good service too. Breakdowns, due 
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to failure of the designers to recognize the limitationB of the 
type, led to the development of a more rugged design. In this 
heavy angle legs were designed to carry all the stress, whereas 
in towers of the very light type it was expected that every mem- 
ber would take a share of the load. Finally, as a compromise 
between the two extremes there has been develeped the scheme 
which is generally credited to the Italian engineer Semenza, the 
use of flexible supports. 



Flexible Toweb, Bebkshirb Stbeet Railway 

The supports of a line must carry the vertical dead load due 
to the weights of the half spans either side. In addition, when 
the wind blows there is a force at right angles to the line and 
each span pulls in the direction of the line. As these forces in 
general oppose each other the support needs to meet only the 
difference in pulls. If they are balanced, either by making spans 
and deflections equal or increasing the sag properly on the 
longer span, the support need only have enough strength to 
carry the dead load as a column, and sufScient stiffness across 
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the line to meet the maximum wind effort. Further, other 
things remaining unchanged, increasing or decreasing the sag 
decreases or increases the pull in exactly the same relation. For 
sags which are quite small in proportion to length of span, a very 
slight decrease or increase in the length of the conductors or, 
what is practically the same, an equal increase or decrease in 
the distance between supports without change in the length of 
conductor between them makes a very considerable decrease or 
I in the sag. As a result there is a corresponding in- 



At Left, Stvb Toweb Footings Protected by Concrete Ca8tini3s ( Note 
how proteetion has been broken; this is the chief difficulty with this 
type uf footin;;). At Riqiit, Hkavy Ti^rulaii Pole with Ron Guys, 
Pennsylvania RAttJtOAp, Philadelphia Electbification 

crease or decrease in the pull. A difference in pull, if not exces- 
sive, is automatically balanced by a small deflection of the sup- 
port. In case one conductor breaks, the frame twists as well as 
bends, but if structural connections and wire ties are good it 
will usually hold up, and in many cases can be repaired. 

The anchor towers for flexible construction are usually stand- 
ard type square towers with such modification at the top as may 
be necessary to carry the anchor insulators. The intermediate 
supports are generally the so-called A-frames with channel-iron 
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sides and braces, the latter being horizontal, and round rod diag- 
onals. These are almost always fabricated in the shop and sent 
out complete except for the insulator brackets, which are as a 
rule of malleable iron, and are bolted on in the field. A form 
which also is frequently used is practically a latticed pole, hav- 
ing no horizontal bracing, the diagonals being angles or channels 
with the ends bent so they can be riveted to the legs on the center 
line of the webs. 

Judiciously used, the flexible support scheme is exceedingly 
good; but unfortunately its reputation has suffered because of 
over-enthusiasm of some of its advocates. With anchors at 
proper intervals, the lengths of which will depend upon the 
conditions and will vary from one to six per mile, and with a 
ground wire securely attached to each frame so it acts as a con- 
tinuous tie, a flexible support line should be practically as de- 
pendable as one with rigid towers. If it is not so anchored, 
however, there is a possibility of stresses- accumulating at one 
span under heavy loads, breaking the conductors and wrecking 
the line back to the nearest anchors. The use of guys in the 
direction of the line often obviates the necessity for some of the 
anchor towers. 

Peculiar conditions demand special designs of towers, but for 
the average case there are several lines of stock design from 
which there can be chosen a form practically if not quite as good 
as a special type, and at much less cost. With the larger bridge 
companies regularly making towers, and at least one company 
specializing in them, there is less occasion for insisting on high 
factors of safety than was the case a few years ago. Further- 
more the designs have been so rationalized that it is possible to 
get a fair idea of the probable behavior under load. Practi- 
cally any reputable concern which has had considerable experi- 
ence in building towers can furnish either directly or with very 
little modification a stock design which fully meets require- 
ments. For this purpose a broad specification of the service re- 
quired is necessary, including in this data as to the loads to be 
sustained and whether pin or suspension-type insulators are to 
be used. In the latter case particular attention must be given 
to insure that there are ample clearances for a swinging con- 
ductor. 

As to what stress a tower should stand in the direction of the 
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line there is considerable difference of opinion. The National 
Electrical Safety Code requires that for grades of construction 
A, B and C, in regions of heavy loading, the wind pressure shall 
be taken at right angles to the direction of the line and shall be 
assumed, for cylindrical surfaces, at 12 lb. per square foot of 
protected area for grade A, 7 lb. for grade B, and 4 lb. for 
grade C. The conductors are figured as being covered with a 
layer of ice, increasing the conductor diameter by 1 in., while 
the supports are figured as bare. For flat surfaces these pres- 
sures are to be increased by 60 per cent, making them 19.2, 11.2 
and 6.4 lb., respectively. Latticed faces are taken as having an 
area 50 per cent greater than actual, to allow for the effect of 
the wind blowing through the spaces and so against the inside of 
the opposite face, unless this gives a total pressure greater than 
would result if the structure were solid. In this case the latter 
value should be used. 

Steel structures are required to have a minimum factor of 
safety of two against these stresses. The use of guys to secure 
this is considered undesirable although they can be used if neces- 
sary. In the latter case if the support can deflect much the guys 
must be capable of taking all the stress, the support being con- 
sidered as acting only as a strut. 

When steel supports or towers are used which will not stand 
as great stresses longitudinally as those prescribed for the trans- 
verse strength, anchor towers capable of withstanding the total 
pulls of all the conductors up to a maximum of 10,000 lb. plus 
one-half the excess above 10,000 lb. shall be placed at intervals 
not greater than ten spans apart. 

The code requirements have in mind protection to the indi- 
vidual and do not apply to lines in the country, but maintenance 
of service practically demands similar construction standards. 
And there is a point in this connection which is often missed. 
The transmission or distribution lines, even when most substan- 
tally built, represent but a very small percentage of the total 
cost of the system. The interest on the idle investment plus the 
loss of revenue during a short shutdown due to a line failure 
will very nearly pay the difference between ** cheap and nasty'' 
construction and a first-class line. 

Steel Templates Are Best in Setting Tower Footings. Tower 
foundations are of several types. For structures subject to 
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heavy stresses large concrete footings with anchor bolts are 
usually employed. A plan which is being followed more and 
more is to use *' stubs,'' which are practically short extensions of 
the tower legs with a piece of channel or angle iron at right 
angles at the end, forming an inverted T. These are sometimes 
bedded in concrete in place, and sometimes have concrete cast 
about them at a central yard. More and more frequently they 
are set directly in the earth, with some rock filling if the tower 
is to carry heavy stresses or if the ground is soft. Bolts or stubs 
are best placed by means of a template made of structural steel, 
which holds them in exactly correct position until the concrete 
is set or the earth is rammed. Wood templates are cheaper in 
first cost but are. easily injured, and the cost of correcting one 
wrong footing even in good country, particularly if, as is usually 
the case, the trouble is not discovered until the tower is raised 
into position, will eat up the ''economy" and more. 

Of the other metal supports the diamond, tripartite, and sev- 
eral other special forms of poles are used to a very limited extent. 
The diamond pole consists of two parts of high strength steel of 
V-shape, with specially flanged edges. When properly inter- 
locked these form a diamond section which is set so that the main 
strains come in the line of the diagonals. While this pole is light 
and strong the joints are said to render it particularly subject 
to corrosion. Its chief use is for trolley overhead. The tripar- 
tite pole has three legs of Bessemer steel, each of U-section, of 
such dimensions that each size just fits inside the next larger. 
The legs are held, with the ''round'' out, by means of spreaders 
and collars. Of these there is a large variety, so that a great 
many combinations of leg sections can be made with any one of 
many tapers. There have been several installations of this type 
of pole on transmission lines, notably those of the United States 
Reclamation Service in connection with the Roosevelt Dam proj- 
ect in Arizona, and the Pueblo line of the Anglo-Mexican Hydro- 
electric Company of Mexico City, Mexico. The first line has both 
single and double three-phase circuits of No. 2 copper, in spans 
of from 300 ft. to 400 ft., on poles 40, 45 and 50 ft. in length. 
The Mexican line has one three-phase circuit of No. 1 copper 
and a pair of No. 8 telephone wires in spans of from 285 ft. to 
350 ft., on poles 43 ft. 7 in. long, with one leg extended 6 ft. 
above the top of the pole proper to take a ground wire. 
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There Are Still Too Many ''Standard" Tubular Poles. Tu- 
bular poles, originally made up from iron pipe, now consist of 
special steel tubing and are listed in innumerable combinations, 
while even more can be had as ** specials/' In 1913 the Ameri- 
can Electric Railway Engineering Association ''standardized," 
cutting down the number between the lengths of 28 ft. and 35 
ft. to only ninety-six, there being twelve of each length. As 
a matter of fact it would seem entirely practicable to reduce 
the list to not more than thirty ' ' regulars, ' ' for many of the sizes 
listed are very heavy for their strength, and it hardly seems 
necessary to have lengths varying by single feet. 

While tubular poles are practically standard for city trolley 
lines they have had very little use in transmission service except 
when the latter lines were on trolley poles. They are, however, 
coming into use in heavy electrification overhead, notably on 
the Norfolk & Western, the Pennsylvania at Philadelphia, and 
the New York Connecting Railroad. In these installations poles 
of extra large size and strength are employed, and with the solid 
steel-rod guys are really more of the nature of "baby" towers 
than poles. 

The tubular pole tends to corrode both on the inside and at 
the ground line, "man's best friend" playing no mean part in 
the latter, although to-day it is almost universal practice to buy 
tabular poles with a protecting "dog sleeve" extending a foot 
or so above the ground. Interior corrosion is less serious ; it can 
be prevented by filling the pole with concrete, but the large ma- 
jority of users believe that the cost of the protection is greater 
than the results warrant, and the practice is not common. 

Table II, from the 1915 report of the American Electric Rail- 
way Engineering Association, gives full and most valuable de- 
tails of tubular poles of standard sizes. 



GHAPTEB XVn 
GONGBETE POLES ABE IN PBOGESS OF EVOLUTION 

The possibilities of using concrete as a pole material were first 
tried out in 1856 in connection with the Panama Railroad, the 
insects of the Isthmus having proved to be too much for wood. 
The poles were short and stout, having a length of but 12 ft., 
tops from 6 to 8 in. in diameter, and butts from 12 to 15 in. 
across. The iron crossarms were fastened to the poles by means 
of clamping bands. 

The first poles were of plain concrete. It would seem that 
with the dimensions used they should have served well in a sleet- 
free section, but they proved not to be satisfactory. Whether the 
concrete was poor, or monkeys used the wires too freely — a 
source of serious trouble in the tropics — or from some other 
cause, the poles were very shortly replaced by others reinforced 
with a wood core 3 in. square. These behaved but little better 
than the solid concrete poles, for the core swelled and split the 
casing of concrete. 

From the relative dimensions of the parts of these poles it is 
quite certain that both the wood and the concrete were expected 
to take parts of the load. In the case of the concrete-covered 
poles used at a much later date in Switzerland the wood was 
full size and the thin concrete shell served merely for protection. 
Incidentally there seems to be some difference of opinion as to 
the success of the scheme. 

Steel Beinforcement Made the Concrete Pole Possible. Not 
until about 1895 was steel used as reinforcement, when concrete 
poles so reinforced were tried out both here and abroad. Al^ 
though the experimenters were loud in their praises of the prod- 
ucts, it was some time before there were any worth-while results. 
This was doubtless due to failure to appreciate the faults of the 
new construction until the poles were made, and a bad attack of 
*'cold feef on the part of the enthusiasts immediately there- 
after. 
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A few, however, stuck to the problem, and by 1910 the rein- 
forced concrete pole had become a reasonably practicable struc- 
ture. Credit for this result is due particularly to the Concrete 
Pole Company of St. Catherines, Ont., which built several hun- 
dred for transmission lines in the Welland Canal district; to 
George A. Cellar, superintendent of telegraph Pennsylvania 
Lines west of Pittsburgh, one of the earliest in the field ; to the 
United Traction Company, Albany, N. Y. ; and to several others. 
Since 1910 very satisfactory results have been secured, although 
the development has been chiefly local. A few companies, nota- 
bly the Cleveland Railway; the Fort Wayne & Wabash Valley 
Traction Company; the Marseilles Land & Water Company, 
Marseilles, 111.; the New York State Railways; the Oklahoma 
Gas & Electric Company and the Welland Canal district com- 
panies, have used very considerable numbers, while but few other 
companies seem to have employed concrete poles at all. 

The life of a reinforced concrete pole depends on several fac- 
tors. The concrete itself is practically everlasting as regards 
decay or corrosion, but it may fail through a mechanical injury. 
The reinforcement cannot rust so long as it is sealed in the con- 
crete and it is also thus protected from electrolysis. But injury 
to the covering concrete may expose the metal and permit its 
destruction by corrosion, while under favorable conditions for 
such action electrolysis may be set up. The resulting expansion 
of the steel as it corrodes will split off the protecting material 
and allow the weather also to take a hand in the destruction. 

It was feared by many that moisture would work into the 
metal and rust it; that frost would spall off the concrete from 
the reinforcement, leaving it unprotected, and that lightning 
would shatter the poles, but none of these fears has been real- 
ized. Where the concrete has cracked, either from contraction 
when setting or from mechanical stress, there have been some 
instances of corrosion as would naturally be expected under the 
circumstances. Lightning, however, in the rare instances when 
it has been known to strike, has only slightly chipped the con- 
crete, leaving the pole practically as good as new. In the event 
of a grass fire, or of a conductor grounding on the pole, there is 
far less liability to trouble than with wood. A hot fire or a 
heavy ground may cause spalling of the concrete, but if the in- 
jury is not too long neglected the pole can be patched and made 
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as good as new. With a wood pole any loss of material can be 
made good only by complete replacement, and it is astonishing 
how small a bunch of dry grass will serve to set a wood pole 
going. 

In case of failure, reinforced concrete poles do not break off. 
Wood poles have greater flexibility, and this often relieves a 
severe load by increasing the sag of the pulling span ; but when 
the ultimate strength is reached they snap, dropping everything. 
A reinforced concrete pole, because of its greater stiffness, comes 
more quickly to serious *' distress," but although it may be 
wrecked beyond repair it will only bend. Even if it lets part of 
the overhead touch the ground it almost invariably holds up 
part and so keeps the attachments in fairly good shape. 

Concrete Poles Can Be Made Attractive in Appearance. 
Properly treated, a concrete pole is of pleasing appearance, but 
unfortunately, with a very little neglect in the making it looks 
very unsightly. Some designs are quite elaborate, as for exam- 
ple the combined light and trolley pole of the Municipal Rail- 
way of San Francisco. On the other hand, nothing could be 
finer than the severe simplicity of the square pole of the same 
company or that of the Pennsylvania Railroad's Jersey meadows 
telegraph line, unless it is the standard octagonal pole of the 
New York State Railways, which latter is not only attractive 
and substantial but actually costs but little more than the cor- 
responding size in wood. 

In several instances where wood poles had been ordered off 
the streets of certain municipalities the authorities have been so 
pleased with the appearance of concrete poles that they have 
permitted their use instead, at a cost much less than that of 
steel poles, and far less than that of underground construction. 

Some Reasons for the Comparative Unpopularity of Con- 
crete Poles. As against these advantages of long life, support 
of attachments in case of failure of the pole, resistance to fire 
and good appearance there are several disadvantages inherent 
in the concrete pole. Good results in making concrete poles re- 
quire good forms and skilled labor, and unless the number made 
is large the cost per pole is very apt to be high even for the 
very simple types. The poles are heavy at best, and require 
special care and extra labor for handling and erecting, which 
further adds to the cost, while if molded with holes or gains for 
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attachments, later changes are not readily made and are apt to 
be costly, and if such provision is not made it is equally difficult 
to make any attachment at all. These facts, which are particu- 
larly evident when a company first begins to make and use con- 
crete poles, are undoubtedly responsible for the dislike by many 
companies and the consequent failure to use what is quite likely 
to be one of the important pole materials of the near future. 

The theory of the reinforced concrete poles is very simple. 
Concrete, with permanence, ease of molding and comparative 
cheapness, lacks only tensile strength to be an excellent pole 
material. Steel has very high tensile strength and needs only 
to be properly combined with the concrete to give the desired 
results. 

The practical application, however, is not quite so simple, for 
if the steel is not properly proportioned to the concrete, and 
correctly arranged within the concrete body, the strains are not 
properly distributed between the two and the pole will either be 
weak or uneconomical. The forms must be sufficiently strong to 
remain true and yet must allow proper access to the concrete 
for working so as to secure good surface and freedom from cavi- 
ties. Furthermore, the reinforcement must be maintained in 
correct position while the concrete is being placed. 

There are many discussions of the theory of pole design. 
One of the best of these appeared in the 1916 report of the 
power distribution committee of the American Electric Railway 
Engineering Association. The design and practice developed 
for his company by Carl L. Cadle, chief engineer New York 
State Railways, Rochester lines, and described in the reports of 
the same committee for 1915 and 1916, seem easily to be the 
best of the unpatented methods that have as yet been described. 

Hollow as Well as Solid Poles Are Available. Of the pat- 
ented methods there are several which have had practical test. 
One of the earliest developed is the **Siegwart," in which the 
concrete with its reinforcement is plastered on a rotating form. 
This with the aid of a canvas belt wound spirally outside com- 
presses and forms a hollow round pole. This construction is 
said to be very satisfactory. Another method, that of Otto and 
Schlosser, involves the use of centrifugal force. In a hollow 
form are placed the reinforcements, tied into shape and the con- 
crete form is then closed and rotated at high speed, centrifugal 
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force forcing the concrete firmly against the form. This type 
of pole is also said to be very satisfactory, but like the Siegwart 
its use is confined largely if not entirely to Europe. 

In this country the Jones process employs a series of compres- 
sion rolls, an inner core and a canvas belt. The reinforcement 
is woven to shape in a special machine and put over the inner 
core, and the combination is laid in the canvas belt between the 
spread rolls. The proper amount of concrete is then dropped 
in, the rolls are closed to position and the forming is begun. 
The canvas draws first in one direction, then back, the length 
being such as to give about two and a half turns to the pole. 
Whether this pole has been used to any appreciable extent the 
writer does not know. 

Obviously, after completion the hollow pole is superior to 
solid poles in the smaller quantity of concrete required and the 
consequent lightness. But the machine-made types require 
costly apparatus, and for hand forming the complications of a 
core have seemed to many experimenters too much of a good 
thing. F. H. Tidnam of the Oklahoma Gas & Electric Company, 
has, however, developed a very satisfactory hexagonal hollow- 
type pole, which is the standard of this company for important 
lines. This pole is formed in a metal mold, and the collapsible 
core is removed as soon as the concrete has taken its initial set. 

Concrete Poles Cost More Than Wood. The concrete pole 
to-day is in a very peculiar position. It offers many advantages 
at any time, but the present shortage of chestnut and the grow- 
ing importance of other pole woods for purposes which do not 
allow of substitutes makes its employment particularly attractive. 
Unfortunately, however, the tendency in regard to its develop- 
ment by the comparatively few who have really gone into the 
subject in earnest has been to substitute reinforced concrete for 
wood in substantially the same dimensions rather than to develop 
a reinforced-concrete support of the most efficient type. 

At present, a 30-ft. solid pole, with a breaking strength of 
about 2500 lb., when it is set 6 ft. in the ground and the load is 
applied 2 ft. below the top, weighs from 2500 lb. to 3500 lb. 
The cost ranges from $17.15 in actual cost in quantity, up 
to $125, the latter figure being a recent bid on a lot of fifty 
poles exactly like those for which the lower price was paid. 
Handling, hauling and setting would be about twice as great as 



178 POWER TRANSMISSION AND DISTRIBUTION 

for wood poles of equivalent strength. The latter would have 
to have a ground-line circumference of 43 in. and would be cut 
down from Class A 35-ft., or Class B 40-ft. poles. Recent quo- 
tations on such poles, f . o. b. the same points as the concrete poles 
referred to, were $8 each for chestnut, and $16.35 each for 
Western red cedar, which would weigh about 1000 lb. and 600 
lb. respectively. 

Hollow-type concrete poles ought to have a weight and a cost 
not over two-thirds of the corresponding figures for the solid 
pole of equal capacity, but while the available information indi- 
cates such results the writer has not seen sufficiently definite 
figures to warrant a specific statement. 

Concrete Pole Research Is Oreatly Needed Now. The entire 
subject of concrete pole design, manufacture and use is of the 
greatest importance. It ought to have a most thorough investi- 
gation. For anyone to build one or two concrete poles with the 
expectatipn of so solving all the questions out of hand is, how- 
ever, simply a waste of time and money. 

Good reinforced concrete poles were built about 1903, and the 
number has steadily if not rapidly increased ever since. More- 
over many of these are serving their purpose at least fairly well. 
But the important question is whether or not the work they are 
doing could not be done just as well by poles of simpler design. 

Mathematics and laboratory experiments will point the way, 
but the determination of ^ow nearly the perfect design can be 
approached in every-day practice, and just how far short of the 
performance of the perfect pole the practical article will fall as 
a result of that difference, can only be found by full size tests. 
Some of these must be to destruction, and on a sufficiently large 
number of specimens to eliminate the effect of unusual conditions 
which might indicate very high or very low values for a single 
pole. 

It is to be hoped that present conditions, which are demand- 
ing every possible measure of efficiency, will lead to such thor- 
ough investigation of this subject as will develop the practical 
and economical concrete pole. 



CHAPTER XVm 
APPLYING COMMON-SENSE IN LINE CONSTRUCTION 

The locations and heights of the supports for a line are usually 
first laid out in the oflfiee, from the location plans and profile. 
This preliminary determination should then be tested in the field 
to insure that due regard has been given to the actual conditions. 
If the plotted information has been complete, the paper location 
will require little changing, but it frequently happens that the 
preliminary survey was rushed and that important factors have 
been overlooked. 

An Extreme Case of Failure to Apply ''Horse-Sense/' On 
one important transmission line there was a stretch of rolling 
ground having a distance from top to top of the *' rolls'* prac- 
tically that of the spans of the line. The '* engineer*' who made 
the profile took his levels in the valleys and the office located the 
towers also in the valleys, bringing the high spots under the 
middle of the span. Not until the wires were up was it discov- 
ered that in this section the lower conductors were normally 
only 8 ft. from the gfound at mid-span. 

On the same line at one point a tower was located on a bit of 
level ground, but just at the foot of a sharp slope. The outside, 
wire on the side of the slope could actually be touched by a '* six- 
footer" at one point. The undoubtedly high cost of the exten- 
sions by which the line was given proper clearance would have 
been saved, and a number of other undesirable but not actually 
dangerous conditions prevented, had some one familiar with line 
construction checked the paper location against the actual con- 
ditions. For that matter if the ** engineer" in charge of the 
work had listened to the contractor in a spirit other than one of 
open hostility the same result would have been secured. 

In all construction work there should be close co-operation be- 
tween the designing and the constructing branches. A con- 
tractor's suggestion may be only an effort to get an ** extra," but 
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it is always a good plan to have it looked into on general prin- 
ciples. 

Ordinarily the kind of support to be used will be determined 
first, and the locations and heights afterward. It is possible 
also that in very rough country, across thickly settled sections 
and in similar cases, the locations and heights may be fixed and 
so determine to a considerable extent the character of support 
required. 

If the choice has been wood poles and native wood is used, the 
poles can generally be purchased delivered at the hole. In this 
case the seller should be furnished with a schedule giving the 
pole number and the height of the corresponding pole, together 
with such notes as will enable him to find about every fifth stake 
from local references familiar to him, such as farm houses, roads, 
etc., or from objects readily seen. With such a list he can de- 
liver without further help from the buyer, but it is much better 
to have an inspector present. The work then moves faster, pro- 
vided of course that the inspector knows the line in advance, and 
disputes and delays from errors are largely prevented. 

Poles from outside and treated poles — of which more here- 
after — are usually delivered on cars, and must be distributed. 
Treated poles should be framed before treatment. Other carload 
poles are best framed in the yard where they are unloaded. In- 
deed, framing is always best done in the yard, but where, as is 
usually the case with native poles, delivery at the hole is as cheap 
as delivery in the yard, this saving more than offsets the gain of 
yard framing. Where poles are field framed the arms and at- 
tachijjents are put on at the same time, making some saving 
here. But in a properly arranged yard there is no time lost 
going from pole to pole, and particularly if the poles are to be 
shaved, the derrick used for unloading makes a very considerable 
saving in labor. 

It is still the practice, in many cases, simply to roll the poles 
off the car by hand after as many as can do so have fallen when 
the stakes are out. This, however, is dangerous to the men, is 
apt to break some of the poles, and necessitates much additional 
labor in rolling the poles into piles. A derrick, on the other 
hand, unloads with safety to men and materials in a fraction of 
the time, and places the poles where wanted, particularly if, as it 
should, it has a long boom. A derrick saves the cost of helpers 



POWER TRANSMISSION AND DISTRIBUTION 181 

for the framers, and is usually invaluable in handling heavy 
material, other than poles, from cars to trucks. 

A Oood Iniipflctor Would Have Prevented This. In order to 
determine whether the pole was a live cut it is customary to 
specify that the pole shall not be shaved. This is usually inter- 
preted to allow knot and branch projections, although the latter 
are usually "to be trimmed close," so that quite a little draw- 
knife work is necessary after delivery. Following this, the butt 
is cut square, the top roofed, and the gains and faces made. In 
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firm soil the requirement of a square butt is not as essential as 
in soft soil, where it is very important. 

The writer was once delighted with the speed with which a 
new foreman set poles — until a day or two later, when the cross- 
arms were apparently all that kept them from toppling over. 
The "villain" had sharpened the butts, dug a hole about a foot 
deep, wiggled the pole with the spikes after it was up, and moved 
on to the next! 

The roof treatment depends somewhat on the attachments, for 
there are several special top pin fixtures requiring individual 
framing. If none of these are to be used, the most general prac- 
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tice is to form a wedge, although an ahnost equally common 
method is to sharpen to a point, the pitch angle in either case 
being about 45 deg. The wedge is usually set with the edge at 
right angles to the direction of the line, but where roof pins are 
employed and are doubled the edge should be parallel to the 
line. 

Gains are cut of just the width of the arm, from % in. to 1 in. 
deep at the center. They should be slightly* concave, so that the 
arm will bear on the edges, thus preventing rocking. With the 
best of care, however, it is difficult to get a good fit, and as the 
average **pole butcher'* comes far from being careful, there 
have been developed several patent metal gains, which are lagged 
or spiked to the pole. These do not require cutting of the pole 
otherwise and give as good a fit to the arm as the dimensions of 
the arm permit, for crossarms are not always true to a hair. 

Faces are required for many of the patent fittings, and for 
some that are not patented, for that matter. The shape is of 
course fixed by that of the contact surface of the fitting, but the 
face should be at least % in. larger all around, and like the gain 
should be hollowed a little to insure a firm bearing. 

After the framing is completed, including the boring of holes 
for the bolts, all of the cut surfaces should receive at least one, 
and, better, two coats of some good preservative. If the pole is 
not to have butt treatment it should also receive at least a 
** belly band" or belt of preservative extending 1 ft. each way 
from what will be the ground line when the pole is set. 

Some Minor But Important Points in Line Construction. If 
the pole is yard-framed the attachments will not be installed 
until the pole has been delivered at the hole. If it is field- 
framed they go on immediately after the preservative, and there 
are one or two little points that should be remembered in this 
connection. For example, bolts should be so driven that the nut 
is always next the attachment. No one who has ever tried to 
back out a bolt in order to replace an old crossarm needs to be 
told why, but there are many so-called ** linemen'' who do not 
stop to think of maintenance, and unless closely watched can 
cause much trouble later on. 

The projecting ends of bolts should be cut oflE close to the nut. 
This is rarely done, but it should be the rule. With the best of 
judgment in getting materials and distributing them there will 



B — Pole coming up hanl; 



SnTiNG Poles bt Cab Dbbbice 



184 POWER TRANSMISSION AND DISTRIBUTION 

be occasions when it is cheaper by far to use a long bolt on a 
short grip. The resulting end sticks out like a sore thumb and 
is a menace to the linemen's clothes if not to their persons. 

Care should be taken that the fittings all make the same angle 
with the center line of the pole. Nothing makes a line look 
worse than a little variation in crossarms, brackets or other fit- 
tings that should line up. It is quite customary to install cross- 
arms but leave the braces free until the poles are set to insure 
good line, but with reasonably straight poles practically as good 
results can be secured by completing the work on the ground. 

Digging Pole Holes May Be Quite a Job. In ordinary soils 
digging the hole is a comparatively easy proposition, although it 
takes a little experience efficiently to handle the lower portion. 
An ordinary short-handled round-point shovel is much the best 
tool for the first 3 ft. or 4 ft., and if the hole is large enough 
for a man to stand in- it and work it is best for the entire depth. 
For most holes, however, a long-handled round-point shovel and 
a spoon will be required from about 4 ft. on. A pick for the sur- 
face and a digging bar for the deeper portions are also needed 
unless the soil is soft and free from stone. Patent diggers are 
used in some instances, with varying success; in general they 
do not work as well as the usual shovel outfit. 

Ordinarily conditions do not warrant the use of power diggers, 
but on a Western telephone line a gasoline earth auger is said to 
have been very successful. Unless the ground was fairly free of 
stone and unless there were a large number of holes the overhead 
cost would eat up all saving unless the time saved was worth the 
difference, particularly as the device would have to pay for itself 
on the job. 

Sometimes It May Not Pay to Blast Out Rock. Rock is al- 
ways a nuisance, and often considerably worse than a nuisance. 
In the open a heavy charge will often so shatter the rock that 
it can be readily taken out, but it is important that it is not 
merely cracked into large blocks, as these are very difficult to 
handle, while the blocks necessitate heavy charges further to 
break them up. 

Where the rock is at the surface and is of good quality the 
pole may with advantage be set on the top and held in place by 
a special shoe stone-bolted down, or by three strap bolts set in 
holes 120 deg. apart on the outside edge of the butt. Such bolts 
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should extend at least 12 in., or better, 18 in. into the rock, and 
may be held by filling the space between them and the hole, which 
should be about % in. larger than the bolt itself, with melted 
lead, sulphur or Portland cement grout. In place of using one 
of these the end of the bolt may be split to receive a wedge which, 
when the bolt itself is driven down, jams the sides against the 
sides of the hole. It is hardly necessary to point out that, if 
lead or sulphur is used, the holes should be perfectly dry. A 
little moisture converted to steam by the hot material can throw 
a small amount of melted lead or sulphur over an astonishingly 
large area. 

The upper ends of the bolts should be about a foot long, meas-. 
ured from the rock, and should be flattened and lagged to the 
pole. For poles up to 40 ft. high above the rock %-in. bolts will 
serve unless the line is exposed to heavy winds. In the latter 
case, and for higher poles the bolts should be of inch stock, and 
the lags should be about 6 in. long as against 4-in. lags for the 
smaller bolts. 

Soft Oround Requires Reinforcing for Pole Support. Very 
soft material is often even harder to handle than rock. If they 
are too ** quick'' and if the poles are not too large, soft soils can 
be conquered with headless barrels, the hole being started as 
usual and the barrel then set in it and forced down as the mate- 
rial is taken out by the man inside. When the top reaches the 
surface a second barrel is set on it, three or four cleats inside 
keeping it in line. The bulge of the barrels and the poor con- 
nection usually limit the ** string'' to two, giving less than the 
proper depth just at the point where deep setting is needed. 
By filling the space between the barrels and the pole with con- 
crete this difficulty is removed. 

The hole may be dug inside of driven sheeting, in which case 
it will usually be made square for convenience. For this a 
square frame of 6-in. x 6-in. timber, having clear inside dimen- 
sions slightly greater than the diameter of the pole, is placed in 
position and a similar square with inside dimensions greater than 
the outside dimensions of the first by an amount about % in. 
more than twice the thickness of the sheeting to be used is placed 
outside it. The sheeting is then set up in the space between the 
braces and driven down as the excavation inside proceeds. 

By sharpening the sheeting so that the cutting edge is at the 
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outside and slants to a point on the edge next to the previous 
piece it can be kept fairly straight and tight, but additional 
bracing rings should be set inside every 3 ft. or 4 ft. If the hole 
is much more than 6 ft. deep it may be necessary to use a second 
set of sheeting, in which case the first set should form a square 
enough larger than the required hole. With 6-in. bracing and 
1%-in. sheeting this would require 15 in. additional width and 
breadth in the top, the bottom inside ring of the first set forming 
the top outside ring of the second set. 

If there are many soft holes, by far the best device is a steel 
cylinder in halves, of a length equal to the deepest hole required, 
and a diameter sufficient for the largest pole. The outside shouTd 
be free from any projections, the clamps coming inside, and there 
should be two stout rings on each half. It is used just as are 
barrels, but after the pole has been set it is pulled out by tackles 
or jacks and taken off the pole by separating the halves. It is 
then ready for the next hole. 

How Deep Should Poles Be Set? The question as to what 
should be the depth of setting has been answered in different 
ways by different people, but the values adopted by the Ameri- 
can Electric Railway Association have been largely used. They 
are as follows : 

, Depth of Hole ^ 

Length of pole In rock or with 

in feet concrete setting In earth 

30 5 ft. in. 6 ft. in. 

36 6 ft. 6 in. 6 ft. in. 

40 6 ft. 6 in. 6 ft. 6 in. 

45 6 ft. Oin. 6 ft. 6in. 

50 6 ft. 6 in. 7 ft. in. 

55 6 ft. 6 in. 7 ft. 6 in. 

60 7 ft. in. 8 ft. in. 

65 7 ft. Oin. 8 ft. 6 in. 

70 7 ft. Oin. 9 ft. Oin. 

In very compact soil values intermediate between rock and 
earth may be used, while if one-third or more of the bottom part 
of the hole is rock, rock values will be ample. 

Economy in Man-Power Is Essential in Pole Raising. The 
poles having been framed and delivered and the holes dug, it re- 
mains to erect them. The good old-fashioned way is to pike 
them up by hand. A board is stood up at one side of the hole, 
and the pole brought up with the butt against this and resting 
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on a short piece of plank on the opposite edge. One man with a 
cant hook stands at the butt to keep it on the plank. Another 
holds the '* jinny/' which is a substantial prop of Y-shape about 
7 ft. long. The rest of the gang lift the top, starting at the top 
and walking toward the butt as it rises, while the jinny man 
follows along to prevent any drop in case the men should slip. 

As soon as the top is 8 ft. or 10 ft. above the ground the two 
first pikers ''stick'* it and lift as far as they can. The others in 
turn ''stick'' in pairs and lift, each pair moving in in turn and 
"sticking" again as the lift takes their point out of reach. 
Meanwhile the jinny man keeps his prop close against pole 
and ground as long as it is effective, which is until the pole is at 
an angle of about 60 deg. with the horizontal. As it approaches 
the vertical the butt man twists it if necessary to keep the arms 
properly lined. When fully up it is plumbed, or raked as the 
case may be, by the foreman, and then is held in position by 
grounding the pikes in a circle about it until the hole is well 
filled. 

Chestnut poles require, roundly, as many pairs pf pikers as 
one-third of the pole length in feet, together with one jinny man 
and one butt man for poles up to 45 ft. long. Two butt men are 
required for longer poles. Cedar poles are considerably lighter, 
and the gang for the shorter lengths may be reduced by a pair of 
pikers. 

Mechanical Pole-Raising Devices Have Their Place. To-day, 
however, the tendency is to employ some form of mechanical 
setter, either in the simplest form, a gin pole, or, if the extent of 
the work warrants, a more elaborate form of derrick mounted on 
a car or truck and operated by hand winch, horse tackle or gaso- 
lene hoist. With these there will be required four laborers, a 
driver, or an operator, depending on the form of hoist, two men 
to hook on to the poles, one of them can also serve as butt man, 
and one or two pikers for lining up. For the shorter poles there 
is not much if any saving in number of men, the economy com- 
ing in the greater speed. For the longer poles there is a large 
saving both ways, and there is far less liability of accident. 

If the pole is to be subject to heavy strain it is now "keyed" 
with wood, stone, or concrete, at least 4 in. thick, and with a 
cross-sectional area not less than 32 sq.in. One key, at least 2 ft. 
long, is placed on edge at the bottom of the hole on the side oppo- 
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site the anticipated strain ; the other, 4 ft long, is placed on edge 
at the surface, on the side of the strain. At least, this is the case 
in firm soil ; in soft ground the keys may have to be considerably 
larger, or the desired result may be secured by filling the hole 
with concrete. 

Whether the re-fill is earth or concrete it should be put in in 
layers and well tamped. There should be at least three men 
tamping to one man shoveling, and the material should be piled 
up in a little mound around the pole both to shed water from it 
and to prevent the formation of a small pond by the settling 
which is sure to occur. If there are pieces of rock available these 
should be saved for the upper part of the hole unless needed to 
stiffen up a soft bottom. In the latter case it is often desirable 
to make a ''pancake" or ** biscuit'* of concrete, 6 in. or 8 in. 
thick, in the hole. 

If carefully lowered, a pole can be set on such a bottom in 
about thirty-six hours after the concrete is placed, but it is better 
to let the concrete set for a week. If it must be used sooner, a 
cushion of earth about a foot deep will help maintain the virtue 
of the green concrete. 



OHAPTEB XIX 

SOME PRACTICAL POINTS IN POLE AND TOWER 

ERECTION AND SUPPORT 

In the cases of pole settings described in a previous article it 
has been assumed that the soil is of reasonable bearing capacity, 
at least % ton per square foot. It is generally a very good invest- 
ment to go around any area of softer ground that cannot be 
** jumped'.' by a long span. When, however, the difficulty must 
be met directly, special construction is required. 

The simplest plan is to attach the poles to a trestle or bridge, 
but frequently there **is no such animal," and where there is 
one, if it is owned by other parties there is often refusal to 
permit its use, or a prohibitory rental is demanded. If the 
structure and the line are built at the same time, as is often the 
case where they are for the same property, it is a simple matter 
to provide for the pole attachment, but if the structure already 
exists it may be difficult to get clearance. Sometimes this latter 
is effected by leaning the poles outward. With pin insulators 
this tends to lower the wet weather resistance ; with suspensions 
it may necessitate special construction to maintain the normal 
clearance. 

Setting Poles in Soft Qround. When the line must stand on 
its own feet the treatment depends primarily on the character of 
the soft ground to be crossed. With open water, or in a swamp 
of some depth and lacking a firm top, practically the only possi- 
ble treatment is to use piling, to which the pole is bolted either 
directly or through some intermediate structure. How to handle 
the piling is often a very serious question. It is surpris- 
ing with how light a hammer a pile can be ''worried down" into 
soft material, and with but a few inches of open water a light 
draft barge can be rigged up that will serve every purpose. It is 
of chief importance to give the piles holding power against a pull 

or push on end, for three piles which sway greatly at a touch, if 

101 
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they have a batter of 3 in. or more to the foot, can be tied to- 
gether at the tops to form an exceedingly firm support. 

Where there are only a few poles to be driven, it is often pos- 
sible to work them down by setting them in place, loading them 
as heavily as possible, and then, by means of several lines tied 
to the top with a man on the other end of each line, rotating the 
top in a small circle. There are two difficulties to look out for. 
So long as the motion continues the pile will go down, unless of 
course it has reached hard bottom other than sand, but if it is al- 
lowed to stand for a short time the material settles back and 
makes further ** driving'* all but impossible. The other point 
is the danger of an upset in the early stages if the load is very 
heavy and the head is pulled much out of plumb. This method 
can sometimes be used to advantage in the case of soft swamps 
which cannot be navigated by scows, but on the other* hand are 
too soft to carry the pole on surface supports. Incidentally, it 
will often permit the putting down a pile or a pole in a sandy 
bottom under water which would completely resist driving by 
hammer unless a water jet was used. 

Special Treatment Needed on Long Stretches of Blarsh. It 
should, of course, be understood that these treatments are par- 
ticularly for the cases where the stretches of bad ground are 
comparatively short, and separated from each other by some 
distance. If the adverse conditions are extensive the situation 
will warrant some study and often considerable investment in 
plant specially designed to meet the case. 

Many swamps have firm bottom overlaid by **mush" of no 
stability whatever. Single poles rested on this firm base will be 
perfectly good against the load so long as they stand plumb, 
but unless their penetration into the hard material is practically 
to the depth which would be given in setting them on dry land, 
or other preventive treatment is given, they are very apt to 
sway badly in the wind and presently to overturn Such poles 
may be steadied by guys, with concrete, stone or metal anchors, 
in which case the guys must be of such material or so protected as 
to guard against corrosion. 

Of higher first cost, but usually much cheaper in the end, is 
the use at each pole of three piles, battered at least 3 in. to the 
foot, 120 deg. apart and projecting about 8 ft. above normal 
water level. At their tops these are bolted to the pole, the butt 
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of which rests on and is bolted to a framework carried by the 
piles just above water level. An experienced crew finds little 
difficulty in driving batter piles, though the pile driver may not 
have been built for such work, but where the men are all green a 
plumb structure may be used, the piles forming a triangle or 
square about 12 ft. on a side. In this case the piles should 
extend roughly one-third of their length above the water and 
the adjacent ones should be tied together by X-bracing for this 
length to prevent swaying. The pole may be carried as in the 
case of the battered triangle, or it may rest on the top platform 
and have braces from the pile tops to a point near the bottom 
crossarm. 

Some Meadows Are Particularly Treacherous. Morasses of 
the open water type are obviously danger points, and while their 
treatment* may require quite a little study they are not at all 
likely to be overlooked. 

''Cats of entirely diflEerent color" are the meadows with a 
more or less firm top covering all sorts of iniquity. If the crust 
is thin the treacherous character is fairly evident, but when, as 
is often the case, the crust is firm to a depth of several feet, it is 
easy to make the mistake of supposing that the firmness holds 
all the way down, with consequent later regrets. Swampy char- 
acter of the surface and the presence of black or brown soil are 
always a warning to test with a sounding rod. For pole-line 
purposes a few short lengths of %-in. steel pipe with a solid point 
to screw on the end are excellent. With a solid surface 3 ft. or 
4 ft. thick, a pair of sections of old pole 8 in. or more in diam- 
eter and 8 ft. or 10 ft. long, or their equivalent (a pair of rail- 
road ties are excellent), bolted through the center to the pole at 
ground level, will give the necessary additional support. For 
thinner crusts the bearing area needs to be correspondingly in- 
creased. Specifically, the probable maximum dead weight is 
that of the pole, the attachments and the half spans each side, 
with the ice load for the district. The area of support must be 
such as will give a pressure per square foot on the surface cov- 
ered not over one-fourth the pressure the surface can stand. 

What that pressure may be can be roughly determined by 
loading a 6-in. x 6-in. stick held vertically by small guys. The 
weight which forces this through the crust is approximately the 
pressure allowable per square foot. In making such a test. 
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enough time must be allowed to bring out the facts. Marsh 
crusts will usually carry for a short period a load much in excess 
of that which would break through in a longer time. A fair 
procedure is to add 50 to 100 lb. each time, and to allow three 
or four days to elapse between successive additional loads. If, 
however, time does not permit this, daily loads of 200 lb. each 
will give fair indications, and will be on the safe side. 

The purpose of the support arms is particularly to give sup- 
port to the vertical load, and whenever practicable guys should 
be used to- prevent overturning. The crust of a meadow owes 
its strength very largely to the network of living roots of the 
plants growing on it and, like a piece of cloth carrying a load, 
fails badly as soon as any break occurs in the fabric. If support 
arms are relied upon to take the place of guys, the pole, tending 
to turn at the ground line, throws the entire effort on the end 
of the arm. This gives a pressure which is equal to the bend- 
ing moment of the pole at the ground line in pound-feet divided 
by the distance from the pole to the end of the arm in feet. (It 
will be remembered that the bending moment at the ground line 
is the sum of the resultants of each element of pressure multi- 
plied by its distance above the ground line.) 

This arm pressure tends to force the end of the arm into the 
earth, increasing the area pressed, and at the same time to lift 
the pole bodily, the arm end acting as a fulcrum, until the forces 
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balance. The fulcrum can be given sufficient area to bring the 
pressure per square foot within safe limits by putting cross 
timbers or mudsills under the arm ends. But in choosing these 
the cross-section must be not only strong enough to transmit the 
load from the arm to the surface without breaking when new, 
but must have a large factor of safety to cover the reduction of 
strength which is apt to be rapid because of the conditions. 

Where the arms are depended upon for cross-line support, they 
will usually be 3 in. x 8 in. or larger, in pairs, through-bolted to 
the pole, which should be slightly flattened to give a good bear- 
ing. Paired diagonal braces, 2 in. x 6 in. or heavier, and making 
an angle of 60 deg. or more with the horizontal, have their tops 
through-bolted to the slightly flattened sides of the poles. The 
lower ends go between the arms close to the ends and are there 
bolted, a block of the proper thickness being used to fill any 
space left between them. The bottom of the arms should be 
about 1 ft. or the thickness of the mudsills, if these are used, 
above the meadow surface, and particularly if arms or braces are 
less than 4 in. wide filler blocks should bie bolted between at 
intervals of about 5 ft. All parts of these frames, as well as the 
pole to a point above the upper brace attachment, should have 
some form of preservative treatment, and particular attention 
must be given surfaces in contact and to holes or cuts made 
after treatment, to insure that they are properly closed. 

Sometimes 1-in. or 2-in. plank is driven under and at right 
angles to the mudsills. It is a question, however, if this really 
protects the bottoms of the mudsills proper from decay, and if 
the latter are not of uniform thickness they are worse than use- 
less until the uneven pressures are balanced, this generally oc- 
curring by breaking the heavily loaded planks. 

In the long run it will almost invariably pay to use piling for 
the support of the ends of the arms, in which case the latter are 
framed and through-bolted into the piles. Good results, how- 
ever, may be had with mudsills, which should be 6 ft. to 8 ft. 
long, with a vertical thickness of at least as many inches as the 
length in feet. 

Concrete poles in firm soils are set to about the same depth as 
wood poles, but their weight and the impossibility of using ordi- 
nary pike poles practically compels the use of a derrick. In 
moderately soft earth a concrete footing is used, a plain or re- 
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inforced slab of suflfident strength to carry the weight of the 
pole and its loads being first east in the bottom of the pole. If 
practicable, this is allowed to set for at least ten days before the 
pole is placed on it. The writer has not had personal experi- 
ence with concrete poles used in very soft ground, but it would 
seem that conditions which warranted the use of a concrete pole 
line across such territory would also warrant the use of piles and 
brackets similar to these for wood poles but in reinforced con- 
crete. 

Steps Involved in Putting Up the Steel Tower. Tower erec- 
tion usually involves three steps : placing the footings, assembling 
the tower and, finally, erection proper. 

The early towers followed windmill practice, and employed 
masonry or concrete footings extending from below the frost 
line to at least 6 in. above the surface, and carried anchor bolts 
by which the tower base plates were held rigidly in place. The 
top, for an area of that of the base plate, was level with edges 
beveled to shed water. Footings of this type are still used for 
anchor and other special towers but require much accuracy in 
location. For the smaller towers, because of the large relative 
amount of forms and the small amount of concrete, they are 
very costly. Where they are used a ** wrinkle" from steam- 
engine practice can be borrowed to advantage. Instead of plac- 
ing concrete close around the bolts, a piece of tin rain leader of 
diameter 2 in. or 3 in. larger than the bolts, and of proper 
length to -reach to the top of the footing, is slipped over each 
bolt, resting on the big washer at the bottom. The bolts, with 
these sleeves centered on them, are then hung from the templates 
and the footings are poured. The tops of the bolts can then be 
moved to meet any lack of agreement between tower base and 
template up to the limits of the large hole in the concrete, which 
is grouted full after the tower is bolted down. 

The next step was the substitution for the base plate of the 
tower and the anchor bolts, of an extension of the tower legs to 
which the tower proper was spliced. At first this extension was 
bedded in the heavy form of footing, but very soon the latter was 
cut down to a sort of mushroom anchor. On at least one good- 
sized line these were cast in yards and after curing were teamed 
to the points of use. While this effected a large economy in 
labor costs it was found that unless the coating was reinforced. 
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in which case the saving was largely lost, it cracked off in han- 
dling. 

To-day for good soil it is very general practice entirely to omit 
the concrete. The ground stubs, as they are generally known, 
consist of about 8 ft. of the section used for the tower leg, with 
a crossbar about 3 ft. long at right angles to it on the bottom. 
This stub should be protected with a heavy galvanizing or other 
treatment, although many are actually set with only the shop 
coat of paint. 

Do Not Neglect Proper Refilling of Foundfttion Holes. It is 
essential that the refilling be of good material, preferably with 
some heavy pieces of rock on top of the crossbar, and if the set- 
ting is carefully done no difficulty need be feared. There oc- 
curred, however, a very costly failure on a Western line as a 
result of poor judgment of material. The line in question 
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crossed a flat valley having a soil which, while very hard when 
dry, lost all strength when wet. The holes, dug in dry weather, 
were blasted out, and the hard lumps were used as filling without 
ramming. When a little later a heavy rain flooded this low land, 
the lumps melted down like soaked sugar, and a long stretch of 
line went down, tower after tower, merely from the pull of the 
conductors. 
Pre-cast foundations and ground stubs are usually set by tem- 
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plate. One of the best fonos consists of a square or rectangle, 
having at its comers short sections of the same angle as is used 
for the tower legs and at the same inclination, together with a 
pair of rods or pipes in clamps. The angle sections are drilled 
as are the tower legs, and extend such a distance below the sides 
of the rectangle that the tops of the sides are an even number of 
feet below the lowest conductor, while from diagonal braces is 
hung a plumb bob at the center. The template is centered on the 
tower center by the bob, squared with the line by center marks 
on the two sides, leveled at the proper height and supported on 
the adjustable rods. The template shown in the accompanying 
cut has pointed rods, which have to be well driven to prevent later 



Pbe-Cabt M03HBOOU TwE Foonnas 
Note How the Concrete Has Broken off in Handling 

settlement. A flat foot about 6 in. square is better but, of 
course, in such case care must be taken that the material beneath 
is reasonably firm and that any moss, leaves or the like have been 
removed. Incidentally, flat-footed supports readily permit the 
reeentering and relining wbich is almost invariably necessary 
after leveling up. The footings are now bolted to the template 
legs, the holes for them having been dug before the template was 
set. The holes are then flUed in and tamped, keeping the refill 
at about the same stage in each hole and working completely and 
uniformly around the stubs to avoid springing them out of 
place. 
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By having the sides of two overlapping parts suitably drilled, 
the size of the rectangle can be adjusted for a very considerable 
range of tower heights, while the substitution of leg sections with 
base plates properly drilled makes it available for such founda- 
tions. In the best form of base plate the anchor bolt passes 
through the base plate proper and extends up through a sec- 
ond plate or bracket nearly a foot above, thus obviating 
the tendency to bend the bolt in the threaded portion, and 
this long bearing in the template holds the bolt against displace- 
ment as the concrete is poured. If the base is of the older type, 
in which the bolt extends only 2 in. or 3 in. above the top of 
the concrete, it will pay to have temporary extensions, readily 
made from heavy pipe, to screw onto the bolts, and fitting in 
guides on the template to hold them firmly in place. As they are 
vertical, they can hang from the template without such control 
and if sufficient care is taken there will be no trouble. With 
the bolt firmly held, however, displacement is practically impos- 
sible except by deliberate intent, and the insurance is well worth 
the trouble. 

Towers Are Usually Tipped Up into Place Complete. Al- 
though there is pretty wide diversity in tower design, the ship- 
ment, assembly and erection of the types differs comparatively 
little. The flexible forms are usually shipped complete, and 
rigid types are shipped knocked down, the parts for each tower 
together. Bolts and small parts are bagged ; other members are 
tied in bundles. Each bag or bundle is marked with the tower 
number and the nature of its pieces, and each piece with its 
erection mark. It is therefore a simple matter for the checker 
to make sure that, barring a shortage of parts in a bundle, all 
the material for any tower is on the ground. 

The assembly gang, following the men setting foundations, 
usually set up opposite sides flat on the ground. They first lay 
out the two adjacent legs the distance apart they will be and at 
the angle they will make when assembled, with the bottoms close 
to the foundations, then set the other leg of each side and finally 
put in the diagonal. In the case of those towers which, like the 
Milliken, have legs which are pyramids, the entire half tower 
can be so erected. With towers having long connections from 
leg to leg only the sides are first set up. The parts are then 
turned on edge and the assembly is completed. Moderately high 



202 POWER TRANSMISSION AND DISTRIBUTION 

towers are often put up in two sections ; heavy towers are almost 
always erected piece by piece, in place. 

The earlier method of erection was by some form of gin-pole 
or derrick which lifted the tower bodily into place, but to-day 
the practice of tipping it up on its base is almost universal. 
Certain designs have the necessary stiffness ; for the others tem- 
porary wooden braces are fastened between the legs. A cable is 
then made fast near the top of the tower and to the top of a 
tilting pole set up at the tower base. This pole is about one- 
third as long as the tower height and, in addition, to the cable 
back to the tower top, it has fast to its top the hoisting falls 
which lead to an anchorage about the tower's length from the 
foundation. A hold-back from the tower top to a good **snub'' 
or anchor completes the rig. 

When all is ready two men ** stand by" at the foundation and 
one at the snub; a pull on the falls tips down the top of the 
tilting pole and through the cable tilts up the tower until falls 
and cable are in the same line. After this the tilting pole 
simply hangs on the line and the pull is directly on the tower. 
As the latter comes near the vertical it is checked by the snub 
until what have been the upper two legs can be connected to 
their stubs by one bolt each. The tower is then rotated on these 
bolts as pins until the other legs can be connected to their foot- 
ings, when all are bolted up. With foot-plate foundations, if the 
tower is tilted up it is necessary to put blocking to the level of 
the bolt top and then to lower the tower after it has been lined 
up. General practice, however, confines foot plates to towers 
which are built in place or to those which, as when along a rail- 
road or highway, can be handled bodily by a derrick. Where 
free access can be had to the foundations a truck or car derrick is 
by far the best device for erection. As a rule, however, much of 
the line comes where a derrick cannot be readily taken. The 
labor of handling and guying a gin pole of sufficient capacity 
makes it less economical than tilting pole. 

Towers so heavy as to require piece by piece erection follow 
ordinary structural steel erection practice with riveted connec- 
tions throughout. The smaller towers — except the A-frame or 
flexible type, which are usually riveted in the shop — are almost 
invariably bolted together. 



CHAPTER XX 

DETAILS OF LINE CONSTRUCTION, WITH PARTICU- 
LAR REFERENCE TO QUYINO AND ANCHORS 

We have seen that a pole must carry the dead load of half of 
each adjacent span, the unbalanced portion of the pull of the 
conductors along the line, and the cross-strains resulting all along 
the line from the wind, and at the angle points from the con- 
ductors ; further, under special conditions it may have a vertical 
pull downward, or more rarely, upward. If the soil is firm the 
poles of the average line will carry these strains, but the possi- 
bility — and in most instances the probability — of ice storms or 
of heavy winds, if not both together, make wise the use for insur- 
ance if they are not actually necessary, of some form of addi- 
tional support on the tangents as well as at the comers, and this 
is usually obtained by braces or by guys attached to some form 
of anchorage. 

The Old Reliable ''Deadman" Is Widely Used. The oldest 
and one of the best forms of anchor is the good old deadman, 
which has been in use for various purposes for a long time. In 
its simplest form it is buried in a T-shaped trench, the stem 
pointing at the pole to be guyed. The head trench, from 4 ft. 
to 6 ft. long, is cut vertically to a depth of from 4 ft. to 8 ft. 
depending on the length of the anchor rod and its angle when in 
place. The stem starts at the head with a depth about 1 ft. less, 
and slopes up on the angle of the finished guy to meet the sur- 
face. The ** deadman,'' a log, tie, concrete or stone bar, or a 
platform of plank, lies in the head trench with the anchor rod 
passed through its center and pointing in. the line of the guy. 
Where the material is available the deadman is first covered with 
heavy pieces of stone and then the rest of the excavation filled 
and well rammed. In those cases where existing obstructions or 
the liability of disturbance from adjacent excavation make the 
T-form inadvisable the deadman is laid parallel to the pull. 

In this case it is particularly important that the refilling be 
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well done; the material should be puddled in and allowed to 
drain out before the anchor is used. 

By far the commonest form of deadman is a log which is 
usually from 4 ft. to 6 ft. long and from 6 in. to 1 ft. in diam- 
eter, although for railroad lines the use of a half or a whole tie 
is quite general. If sound when installed these, even without 
preservative treatment, will last indefinitely in wet ground, and 
elsewhere they usually will outlast the anchor rod. Treatment, 
however, is not expensive and is good insurance. The **real 
thing" in the way of a permanent deadman is a cross-bar of the 
proper size, of stone or of reinforced concrete. If the anchor 
rod is properly protected also, the construction is probably as 
nearly absolutely permanent as can be had, but while such treat- 
ment may be warranted for the anchors of flexible towers or for 
poles of the Gibbs-Hill type of electrification, the increased insur- 
ance over a wood anchor is rarely worth the higher cost in the 
case of ordinary lines. In very soft ground or in water, how- 
ever, a concrete anchor which depends upon its own weight 
rather than that of the material above it may be absolutely neces- 
sary. 

For moderately heavy service short lengths of creosoted plank 
are often used. The telephone standard is 2 ft. long, 1 ft. wide 
and 1 in. thick with a central hole; two lengths, held at right 
angles to each other by two ten-penny nails, being used together. 
For heavy service, when logs of proper diameter cannot be had, 
a narrow log is sometimes made effective by placing such planks 
across and in front of it. 

The log, plank or other more elaborate form of deadman, is 
connected with the guy by means of an anchor rod, %, % or 1 
in. in diameter and G, 8 or 10 ft. in length, with nut and heavy 
washer. The latter is usually 3 in. by 3 in. and 91^ in. thick for 
the first two diameters of rod, and 4 in. x 4 in. and % in. thick 
for the 1-in. diameter. The upper end is an eye. All parts are 
galvanized or sherardized. There is on the market a rod % in. 
in diameter, but while this when intact has sufiicient strength for 
most services, a little corrosion reduces its capacity to a danger- 
ous point and the small saving in first cost is soon lost. In the 
case of a concrete or stone deadman the washer and nut should 
be covered with at least 1 in. of concrete, and the rod should 
be cased in concrete to a point at least 6 in. above the ground. 
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The strength that a given deadman will develop depends upon 
the character of the soil, the angle of pull, and the care with 
which it has been installed. "With a directly upward pull the 
tendency of a buried log is to lift a chunk of earth consisting of 
a wedge-shaped body with half eones at the ends. The body has 
the same length as the log and the sides slope out at an angle, 
depending upon the character and condition of the soil. It is 
customary to assume a vertical pull, although this rarely is im- 
posed, but so far as the writer is aware there have been no experi- 
ments to detenpine the cfEeet of the inclination of the anchor 



Example or Lobo-Lead Gutino, C. M. & St. P. Electkification 
Nkab Tehee Fobks, Mont. Slope of Gut, 1 to 1 

rod which wheire practicable should be 45 deg. from the hori- 
zontal, but is more often greater. 

On the supposition that the wedge slope would have M ft. of 
base for each foot of depth, that the log is 1 ft. wide, and that 
the earth weighs 100 lb. per cubic foot, we get, for various sizes 
and depths of burial of the log, the capacities set forth in Table I. 

The American Telephone & Telegraph Company has standard- 
ized on five guy materials known by their nominal breaking ca- 
pacities as: 4000-lb. wire, 4000-lb. strand, 6000-lb. strand, 10,000- 
lb. strand and 16,000-lb. strand. The anchor system of this 
company is based on the last three of these guy materials as in 
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TABLE I— HOLDING POWER OF LOG DEADMEN 



Depth of 
Log Below 

Surface, 1 
Ft. 

6 5,600 

6 9,000 

7 13,400 

8 19,100 

9 26,200 

10 34,800 

Depth of 
Log Below 

Surface, 6 
Ft. 

5 14,400 

6 21,000 

7 29,100 

8 39,100 

9 50,900 

10 64,800 



Length of Log in Feet 
2 3 4 

Holding Capacity in Pounds 



7,400 
11,400 
16,500 
23,100 
31,100 
40,800 



9,100 
13,800 
19,700 
27,100 
36,100 
46,800 



10,900 
16,200 
22,800 
31,100 
41,000 
52,800 



12,600 
18,600 
26,000 
35,100 
46,000 
58,800 



Length of Log in Feet 
7 8 9 

Holding Capacity in Pounds 



16,100 
23,400 
32,300 
43,100 
55,900 
70,800 



17,900 
25,800 
35,400 
47,100 
60,800 
76,800 



19,600 
28,200 
38,600 
51,100 
65,800 
82,800 



TABLE II— A. T. & T. CO. GUY ANCHOR DATA 



No. of No. of 
Guys Rods Kind 
per per of Anchor 

Rod Anchor Strand Rod 
1 1 6,000 %in. 



2 
1 
1 
1 

2 

1 

1 
1 



1 
2 

3 
1 



6,000 I in 



6,000 % 

6,000 % 

10,000 % 



10,000 1 in 



10,000 



1 16,000 1 in. Log 

2 16,000 1 in. Log 



m. 



in. 



m. 



Etind 
of 
Anchor 
Plank, log, 
or patent 
Log 

Log 
Log 

Plank or 
log 

Log 



Dimension 
of Log 



10 

21,400 
30,600 
41,700 
55,100 
70,700 
88,800 



Depth 
of 

Log 



% in. Log 



5ft.x 
f 6ft.x 
I 7ft.x 
f 6ft.x 
} 6ft.x 
6ft.x 
8 ft. X 
lOft.x 
( 6ft.x 
I 6ft.x 

f 6ft.x 
) 7ft.x 
r 6ft.x 
\ 8ft.x 
lOft.x 
6ft.x 
7ft.x 
8ft.x 
I 9ft.x 



Oin. 

5 in. or ) 
3 in. J 
2 in. or ) 
Oin. f 
8 in. or ^ 
2 in. or [ 
2 in. 
2 in. or 
Oin. 

5 in. or 1 
Sin. J 
8 in. or ^ 
2 in. or y 

2 in. 
5 in. or 

3 in. 
5 in. or 
3 in. 






Oft. 

8 ft. 

6 ft. 

7 ft. 

6 ft. 

7 ft. 
6 ft. 

6 ft. 

7 ft. 

8 ft. 

6 ft. 

7 ft. 
6 ft. 

8 ft. 
8 ft. 



TABLE III— COMPARISON OF A. T. & T. CO. DATA WITH THOSE OF 

TABLE I 

Capac- 
ity by Safety 
To Hold Table I Factor 

2 at 6000 lb. or 1 at 10,000 lb., say, 12,000 lb. 21,000 lb. 1.75 

3 at 6000 lb. or 2 at 10,000 lb., say, 20,000 lb. 85,400 lb. 1.77 
3 at 6000 lb. or 2 at 10,000 lb., say, 20.000 lb. 30,600 lb. 1.53 



A. T. & T. Co. 


Depth 


Log Size 


Buried 


6 ft. X 12 in. 


6 ft. 


8 ft. X 12 in. 


7 ft. 


10 ft. X 12 in. 


6 ft. 
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Tablie II. The Western Union Telegraph Company has a very 
similar practice, but lists more log sizes and includes for use 
with them anchor rods of % in. and % in. diameter. Comparing 
these figures with the data of Table I, we have the data of 
Table III. 

As the telephone practice has long proved its sufficiency, it 
is very probable that anchors in average soil will develop at 
least the strengths given by Table I, but in view of the impor- 
tance of an anchor, and, in most cases of the small additional 
cost of another foot of burial it is altogether wise to be liberal in 
allowances. 

In the case of very heavy strains care must be taken that the 
deadman has sufficient body to prevent breaking at the rod, and 
that the washer area is large enough to prevent crushing the log. 
In all cases it is essential that the washer be seated on hard wood 
so that it will not ** crush in'' under the first strain and put 
slack in the guy. 

Some Ingenious Anchors Have Been Devised. The installa- 
tion of a deadman involves quite a little excavation, which in 
turn requires labor. The disturbance resulting frequently fur- 
nishes grounds for objection to a location, particularly in those 
unhappy cases where the right-of-way is too narrow and the 
abutter is not enthusiastic over the opportunity to assist the 
company. To obviate these difficulties a number of patent an- 
chors have been developed. These are of various grades of excel- 
lence, all having been devised to secure installation with a mini- 
mum of disturbance and to utilize the fact that undisturbed soil 
has far greater holding power than that which has been dis- 
turbed. 

Of the several types the screw form, which is one of the oldest, 
is a section of a helix on a rod which is screwed into the ground 
by means of a handle detached after the anchor is in place. In 
ordinary soil it starts without coaxing. In hard soil it is wise 
to make a leading hole by driving a crowbar in the direction the 
rod is to go and then pulling it out. The workman should stand 
on the blade until it has entered the soil. In dry soil a little 
water poured in the leading hole is a great help. Anchors of 
the harpoon type have wings which lie along the shank while the 
device is driven down with a sledge and are then opened by a 
pull on the shank. Like those of the screw types these require 
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no digging, but they are open to the criticism that unless they 
are fully opened they may complete the movement later and put 
slack in the gay. 

The Bierce, Miller, "Everstick," "Hercules," " Never-Creep " 
and similar types require the excavation of a hole, but so small 
that it can readily be made by an earth auger or a special tool. 
The Bierce anchor is an inverted cone which, under pull, ex- 
pands the broken stone immediately over it into the walls of the 
hole after the fashion of an expansion bolt. The Milter anchor 
consists of a metal plate, hinged at its center to the rod, which 



Shokt-Lgad Guys on Heavy Wohk, N. Y., N. H. & H. R. R. Near 

New Havbn, Cobn. 

NoU Guy Plates and Guj Hooks at Pole 

is set in a hole the upper part of which has a diameter equal 
to the width of the plate while the bottom is bored out by a spe- 
cial tool to take the plate lengthways. The latter is pushed down 
lying parallel to the rod and is then turned at right angles when 
in place. The "Everstick" anchor is of the expanding type, but 
the blades move at right angles to the stem, eliminating the back- 
ward pull of the harpoon type, but on the other hand requiring 
a hole, which the harpoon does not. The three types just de- 
scribed have the hole in the line of pull; the "Hercules" and 
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**Never-Creep" anchors have the hole at right angles to the line 
of pull. In the first form the rod takes its position in a channel 
cut from the main excavation. In the latter form the rod at the 
proper angle is driven from the surface until it projects into, the 
hole. Then the plate, which has an enormous keyhole in it and 
is held by a special carrier rod, is slipped over the rod and down 
till the narrow part of the keyhole locks against the head. 

All of these patent anchors have certain advantages over the 
deadman, and all have their faults, some more than others. 
Their one absolutely necessary requirement for successful instal- 
lation is a soil reasonably free from large stones. An occasional 
**bone" can be dodged by shifting the location, but where such 
shifts are frequent it pays to set deadmen. The large trench 
necessary gives opportunity to deal with any kind of rocks that 
may be encountered nearer the surface than the proper position 
for tlje log. If small, such rocks can be removed ; if they are of 
sufficient size, however, the obvious procedure would be to use 
them as anchors by installing * * rock bolts. ' ' 

If the rock is tough, a suitable **rock bolt" would be a pair 
of wedge-shaped side pieces with bolt holes at the top, which are 
dropped into a tapered hole in the line of the pull of the guy and 
are held against the walls of the hole by a key fitting between 
them. This in turn is prevented from working out by a bolt 
through the tops of the wedges, to which bolt the guy is attached. 
The extra work of making the bottom of the hole larger than the 
top id more than offset by the fact that its depth is but 6 in. as 
against 15 in. for the other type. Although a standard article 
the wedge bolt is comparatively little used even in rock which, 
having the necessary strength to withstand its splitting tendency, 
is, by reason of that same fact, particularly costly to drill for the 
commoner type. The common type of rock bolt is a rod 1 in. in 
diameter, with an eye in one end. Although sometimes made 
with roughened sides, or with the lower end split to take a wedge 
which rests against the bottom of the hole and jams the parts of 
the shank against the sides of the hole when the bolt is driven 
dowUj^ the standard form, which is 18 in. long over the eye, is 
perfectly plain. As the bolt is set at right angles to the pull of 
the guy, the sulphur, lead or cement used to secure it in place 
really has very little strain to meet. If sulphur or lead is used, 
it must be melted at the hole, requiring some form of heater. 



A push brace — good angle but 
poor framing 



A studj in bracing — replaced 
later by t«wer structure 
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Care must be taken that there is at least Hfe-in. clearance between 
the bolt and the sides of the hole all around. The material must 
be poured at as high a temperature as is safe ; in fact, it is a good 
plan to also heat the shank of the bolt but not enough to injure 
the protection on the portion which will be exposed. This is to 
prevent the filling from ** freezing *' before it has completely- 
filled the space. Incidentally, it is exceedingly important that 
the hole be dry, for a very little moisture, to say nothing of 
water in any quantity, trapped under the hot material, will blow 
out the latter in every direction, with very good chances of put- 
ting an eye out of business. Cement grout of the consistency of 
thin cream is free from these disadvantages, requires no appa- 
ratus other than a tin can in which to do the mixing, and holds 
as well as the others. Further, the hole can be practically the 
same diameter as the bolt. 

The best method of installation is to pour enough grout (2 in. 
or 3 in. depth being enough in most cases) in the bottom of the 
hole and then slowly to force the bolt down into place. Undue 
haste in this process is apt to produce a fountain of grout which, 
while not so dangerous as melted sulphur or lead, is not calcu- 
lated to please the fellow who is hit. The only disadvantage of 
this method is the occasional difficulty in getting water, which 
may have to be *' packed in.'' It is hardly necessary to point 
out that the grout should be made in the open and then put into 
the hole, although the writer has been told of an instance where 
a series of rock bolts were put in their holes, dry cement was 
packed around them, and then a little water was poured on top 
in the expectation that it would set up the entire packing. As 
a matter of fact, although only the very top of the cement did 
set, the bolts held all right and the peculiarities of the method 
were learned of only long afterward. In this case the pull of 
the guys was at a little more than a right angle to the holes, so 
the tendency was to pull the bolt in rather than out. In any 
such case a sharp sand filling reasonably well tamped in would 
have served as well. Indeed, if the pull is against the hole, no 
filling at all would have served as well as the cement, and would 
save its cost, but it is hardly the best treatment. 

The guy itself is attached to the anchor rod, whatever the type 
of anchor, by an eye formed around a galvanized or sherardized 
thimble. At one time the usual method of securing this attach- 
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ment was by wrapping the end around the standing part (which 
as all know is the part of a rope or strand on the side of a loop 
opposite to the end) strand by strand, unlaying one strand down 
to. the eye and then wrapping it tightly around the rest of the 
end (which is held parallel and close to the standing part) and 
the standing part; then unlaying another strand down to the 
wrapping and wrapping it on in turn, and so continuing until 
the last strand wraps around the standing part alone. While 
this, the "close tie," is considered by many as less likely to slip 
than the three-holt clamp tie, this belief is due largely to the 
action of clamps of poor design. 



Oiiy markcrH on 11.000- 
volt line. C, M. & St. P. 
eleGtriflcfttion, Three 
Fork a, Mont. 



Properly made, the latter tie, which is now the standard of 
the telegraph and telephone companies, the N. E. L. A., and the 
A. E. R. A., will hold "until the cows come home." With it, 
even if the elamp is not properly bolted up either through care- 
lessness or a faulty clamp, the resulting slip tends to twist the 
latter and kink the strand, so stopping the slip, although the 
appearance of the guy is spoUed Such slips, aside from failures 
to bolt up properly, are usually due to weak section, allowing 
the sides to buckle without putting sufBcient pressure on the 
strand, or to the use of too large or too smooth grooves in the 
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clamp. Proper distribution of the metal will prevent the first, 
while the second is overcome, at least for use with ordinary 
strand, by making the grooves wavy or o£ variable width. If 
extra strength strand is used, however, special grooving to fit the 
twist is usually necessary to develop the full strength. 

The three-bolt clamp is of low cost as compared with the mate- 
rial with which it is used, but it is a pretty important member 
of society. It has been well standardized, and the product of 
any of the responsible makers of line hardware can be depended 
upon fully. There is, therefore, little excuse for buying any of 
the nameless material which unfortunately is on the market at a 
price just enough lower than reliable material to attract a 
thoughtless purchaser — and later cost his overhead men their 
piety. The tie itself is made by bringing the end parallel and 
close to the standing part, installing the clamp close up if on a 
thimble end, or about 15 in. away from a pole, stub or similar 
large attachment, and securing the end, which should extend 
about 1 ft. beyond the clamp, by some ten or twelve turns of No. 
12 wire about 1 in. from the extreme end. 

Most clamps are variations of the standard three-bolt clamp, 
but there are two which are quite different. The Crosby clip, 
two short spirally-scored drop forgings clamped together by a 
U-bolt, is sometimes used for light work, but it is not often em- 
ployed otherwise. The equivalent in ** Crosbys*' to a three-bolt 
clamp is at the very least two, with four parts and four nuts to 
adjust as against two parts and three nuts for the clamp. The 
other type is the Matthews boltless clamp, a malleable sleeve with 
tapered grooves, and a similarly grooved wedge-shaped key of 
easy taper which is driven home after the end has been threaded 
through the sleeve, around its attachment, and back again. It is 
claimed that it is much easier to install or adjust than other 
clamps, and that it has at least the capacity of the corresponding 
size. It certainly has fewer parts, and is said to be very satis- 

* 

factory in service. 

For the guy itself there are several grades of material which 
is almost universally known and spoken of as *' strand, *' although 
strictly speaking it should be called stranded wire. To the elec- 
tric railway men it is known by its diameter ; to the electric light 
men by both diameter and breaking strength; and to the tele- 
phone -and telegraph people the smaller sizes are known by their 
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breaking strengths, while the two larger sizes are rated at their 
breaking strengths when one strand has been cut. While this 
at first thought may seem peculiar, *' there's a reason." The 
center wire is straight ; the outside wires, because of their twist, 
are longer, and under strain they yield, throwing the load on the 
center one, thus tending to break it or to stretch it beyond the 
elastic limit of the material. By rating the ** strand'' at the 
strength of the remaining six wires this weakness is allowed for. 
The usual ** strand" is generally known as ** standard." Its 
strength is sufficient for ordinary work and it is soft enough to be 
made up by hand even in the half-inch size. Siemens-Martin 
strand has about 50 per cent more capacity; **high strength" is 
about twice as strong, and extra high strength about three times 
as strong as the same sizes in ** standard." While this extra 
strength is very desirable in many cases, the material is very 
springy and stiff, and it is chiefly used for messengers, ground 
wires, long spans and similar purposes which do not require 
much bending, extra strength in guys when required being ob- 
tained by using two or more ** standard" strands. Whatever 
grade is used it should always be ** extra galvanized," because, 
due to its form, it tends to hold moisture and facilitates cor- 
rosion. 

Strand can be had in practically any sizes between % in. and 
% in. diameter, but the standard sizes and their strengths are as 
given in Table IV. As yet the ** extra strength" has been stand- 
ardized by no one. 

A guy takes up a pull, usually at an angle to it, in which case 
the pole is the strut which resists the tendency of the two 
forces to come into a straight line. If we consider the' first force 
to be horizontal, and applied at the same point on the pole as 
that to which the guy itself is attached, the pull on the guy, the 
thrust on the pole, and the force guyed bear the same relation 
to each other as do the sides of a triangle in which the angles are 
the sanie as those made by the forces. The distance from the 
foot of the pole to a point at the same level on the guy is called 
the **lead^' of the guy; the distance vertically from the foot of 
the polQ to the point of attachment of the guy is called the 
** height." • If we let L stand for the lead, H for the height, and 
G for the length of guy between point of attachment to pole and 
the level of the foot of pole, if the pole itself is vertical O is the 
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hypothenuse of a right-angled triangle with L as the base and H 
as the height, so that : 

and the ratio between O and L is : 



Vi^^ + i/^ I ST 

or 1 1 H 

L V i' 

Since the forces act in lines parallel to the sides of this triangle, 
the pull on the guy is in the same relation to the pulling force 
as the relation between O and L, that is 



Pull on guy = Horizontal force at attachment X 1 1 H 

V i* 

For a raked pole, L must be decreased or increased, according 
as the pole rakes toward or from the anchor, by the distance from 
the foot of the pole to a perpendicular dropped from the point 
of guy attachment. If the pole leans so that this point is not in 
line with the anchor and the foot of the pole the value of L is 

TABLE V— DIMENSIONS OF THIMBLES AND WASHERS 

WftshoTS 
Outside Dia. Thickness E Dia. HoleF 
Thimbles For Bolt or Side D Round Sq. Round Sq. 

For 1-in. Rod Other Service or Rod Round Sq. U.S.Ga, 

3 in, % in. 1 in. .... 14 in %6 ^^ 

% in. % in. 1% in 12 in 9l6 in 

^in. %in. 1% in. 3 in. 10 in. %6 in. 1^6 in. % in. 

i^in. 44 in. 2 in. 3 in. 9 in. %6 in. i%6 in. %in. 

§2 in. % in. 2^4 in 8 in i%6 in 

%in. lin. 2% in. 4 in. Sin. % in. iVie in. l%in. 



Ac 


3% in. 


Bd 


1^16 in. 


cm 


%in. 


Dm 


5^2 in. 


Eb 


%2 in. 


Fl 


l^in. 



the distance between the perpendicular and the guy at the level 
of the foot of the pole. 

In practice it often happens that the force to be guyed is not 
applied at the same point as the guy or there may be several 
forces at different points ; further, one or more may not be hori- 
zontal. In the first case if we multiply each force by the dis- 
tance from the pole foot to where it pushes (or pulls) the pole, 
we get its moment at the ground. Adding the moments to- 
gether and dividing by the distance from the ground to the point 
of attachment of the guy gives the amount of force which at that 
point would have an equal moment ; in other words the amount 
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of the resultant of the forces. In case there are two or more 
guys with different points of attachment their resultant is sim- 
ilarly determined by taking the sum of their moments at the 
ground line and dividing by the distance from the ground line 
to the point at which it is desired to consider the resultant 
applied. 

Splitting an Inclined Force into Vertical and Horizontal 
Components. If any force is not horizontal, the equivalent 
horizontal is readily found from the fact that any force can be 
separated into two or more forces operating in the same general 
direction, the relations to each other being the same as the rela- 
tions of the sides of a triangle the angles of which are the same 
as those made by the original force with the two or more compo- 
nents. In our case the triangle is right angled. Kno>ving the 
inclination of the force, the ratio of the horizontal to the hypote- 
nuse can be found, and by multiplying the inclined force by this 
ratio the horizontal component is found. All these and any sim- 
ilar problems are very readily worked out for an approximately 
accurate answer (and the answer can be had very accurately if 
the drawing is carefully done) by drawing a line the length of 
which as measured by some scale is equal to the amount of the 
force which is known, and by drawing from the ends of this line 
other lines making the same angles with the first that the lines of 
action of the forces they represent make with the line of action 
of the first. Their lengths measured on the same scale, are equal 
to the amounts of the forces they represent. 

Clearly the more nearly a guy is in the direct line of the pull 
it is to resist, the more nearly will the strain upon it approach 
the amount of the force to be held. It is rarely practicable, ex- 
cept in the case of a guy parallel to the line, to make the lead 
greater than the height of the guy. The American Electric 
Railway Association specifications call for such equality if prac- 
ticable, thus giving a guy stress which is 1.42 times ( V 1 + H^/L^ 

= V 1 + 1/1 = V 2 = 1.42) the horizontal pull at the point of 
attachment. The Western Union permits on light lines a mini- 
mum lead of one-fifth the height (5.10 ratio) with a ** required'' 
lead of one-fourth (4.12), with one-third as the minimum (3.16), 
and three-fourths (1.67) *^ required'' on the heavy fifty-one to 
eighty-wire trunk lines. 

In the case of a light line the strain on the guy is rarely heavy 
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enough to cause it to slip, but with the heavier lines it is custom- 
ary to protect the pole from any crushing tendency on the part of 
the guy by means of a guy plate, a sheet of No. 14 gage steel 8 
in. long by 4 in. wide, which is nailed to the pole at the point of 
attachment of the guy. To insure that the latter stays on the 
plate, guy hooks are used on either side, being held in place 
preferably by a through bolt, although the use of lag screws for 
this purpose is common. The American Association calls for 
strain plates ** behind guys the strain on which would otherwise 
cause material damage to wood poles'' and for guy hooks where 
the lead is less than one- fourth the height, *'or where as with 
guy plates the guy must be held in particular position. ' ' 

Where Shall the Ouy Be Attached to the Pole? The point 
at which a guy is attached to the pole should be as nearly at a 
point which would balance the forces against it as may- be prac- 
ticable ; conditions of clearance, however, may compel attachment 
almost anywhere, but the method is standard. The strand is 
wrapped completely around the pole twice and the end is held 
by a three-bolt clamp about as far from the pole as the diameter 
of the latter when the guy is at right angles to the pole, the end 
being fastened as for the usual three-bolt hitch. 

Where a line is on private way a guy is often fastened at the 
base of an adjacent pole, thus obviating the necessity for an 
anchor. If there is passage between the poles, however, the at- 
tachment, which in any case is by a two-turn wrap, must be at 
least 8 ft. above the ground, and the resultant pull on the pole 
slerving as anchor makes this treatment usually undesirable. 

The question of passing guys is often serious. On the com- 
pany's own property they may be brought to earth close to a 
path and made prominent by a piece of board, a wood molding 
wired on, or a section of pipe slipped over the strand, this 
marker being then painted white. The pipe, which can be a 
piece of old boiler tube or other scrap, is best for a new guy, 
as in the case of an existing one the hitch must be opened. The 
wood forms are usually employed in such latter cases, and the 
portion in contact with the guy, and that portion of the guy it- 
self, should be heavily white leaded to prevent corrosion. Where 
such treatment is not suflScient the guy is often carried to the top 
of a stub of sufficient height, on the opposite side of the way, 
and then led down to an anchor further outside. The stub 
should be set at least five ft. in the ground, and should have a 
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rake of about 4 in. to the foot ; if the strain is heavy the guy is 
often attached to the top of the stub by a three-turn wrap, and 
two anchor guys carried from there to the ground, these last 
making angles of about 30 deg. with the line of the main guy. 
The stub is usually under heavy load, and for that reason should 
be a stocky stick, with top dimension not less than that of the 
pole it is used with. 

Special Cases Have Often ta Be Met. Where the clearway 
required is not more than 10 ft., and the guy strain is not too 
heavy, a strut may be set horizontally against the pole about its 
length below the point of attachment of the guy, and the latter 
led over its end and then vertically down to the anchorage. 
The pull on the latter is the same as for a *' height'' equal to the 
distance of the strut below the point of guy attachment, and a 
lead equal to the length of the strut itself. The latter acts as 
a column, and must have both the stiffness to prevent buckling 
and such protection at the end as will keep the guy from crush- 
ing into and splitting it. 

It not infrequently happens that a guy cannot be placed 
against the pull to be resisted, but that room is available on the 
wrong side. In such case the situation is usually met by in- 
stalling a **push brace," which is a pole which should be as 
heavy as the pole it is to reinforce and which is set with the 
same lead that would be given if it was a guy. The butt should 
go at least 3 ft. below the surface, and in any case below the 
depth to which frost is at all likely to penetrate. If the soil is 
very firm it may be set directly against the earth ; but as a rule 
it is better to have it thrust against planking or a large rock to 
insure suflScient bearfng to prevent any yield. If there is any 
likelihood of a pull coming on it, as is sometimes the case at an 
angle, where normally the stress is in one direction, but a heavy 
wind in the opposite direction may reverse it, a short section of 
pole or its equivalent should be bolted to the bottom. The upper 
end should be cut to fit snugly against the pole; whether the 
latter should also be notched is in question. The telegraph and 
telephone companies say **No,'' and it is obvious that a deep 
notch at this point would weaken the pole. It would seem, how- 
ever, that a light notch, not heavier than a gain, would have 
little more weakening effect than the latter, and it certainly 
materially assists the through bolt, which is used so to tie brace 
and pole together that they will act as a single structure. 



PART IV 
CAR DESIGN 

By Norman Litchfield, Mechanical Engineer 



CHAPTER XXI 

CLASSIFYINO PASSENGER CARS FOR OIVEN 

CONDITIONS 

The business of transporting passengers jsuceessfully requires 
the co-ordination of many mechanical units, the development of 
any one of which forms a subject whose history would be of in- 
terest to trace. No single one of these can be said to be more 
vital to the operation of the railroad than another, but from the 
rider's standpoint it is the car, together with the character and 
conduct of the employees on the car, that determines his esti- 
mate of the road and its management. The power house may 
contain the most marvellously efficient generating machinery, 
the track may be of most modem construction, the thousand and 
one other details may be covered flawlessly, but if the car does 
not provide the means for transporting him to his destination 
in safety, comfort and speed, whether he be bent on business or 
pleasure, the passenger rightly criticises the management and if 
possible withdraws his patronage. In fact, it may be said for 
the average rider that the car and its crew typify the railroad. 

The Car Is a Tool for Producing Mileage. In view of the 
above conditions operating officials and car designers have 
joined hands to produce types which their combined judgment 
and experience have shown to be necessary to meet the rider's 
needs. Within the last few years the increasing use of steel has 
made it possible to fulfill requirements which otherwise would 
have been unattainable and has served as an impetus in the de- 
sign of many interesting types of car developed to meet differ- 
ent conditions. 

The railway operator may be considered as the manager of a 

factory whose output is transportation, and the cars as machine 

tools for the production of mileage. The more mileage the car 

produces, the higher the efficiency of the investment in track, 

power station, etc., and of the car itself and the employees on 

the car. 
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The eflSciency of the car itself, or its ability to produce mileage 
consistently and without attendant losses from damage claims, 
etc., depends upon the arrangement and construction of the car 
and its running gear, and also upon its motive equipment, 
brakes, and other auxiliary apparatus. The studies covered by 
these articles will, however, deal only with the design and con- 
struction of the car itself. 

It is evident that the broad field of electric passenger trans- 
portation cannot be covered by one type of car. It is diflScult 
to draw absolutely certain lines of demarcation, defining groups 
in which different types of cars should be used, but it may be 
said that these fall roughly into six main divisions into one of 
which any given set of conditions may be placed. Probably no 
phrase has been more misused than that of ** local conditions,*' 
for while it may be possible to use a car 6 in. longer and 2 in. 
wider than some one else can, it does not necessarily follow that 
it is wisest to do so. 

The six groups referred to follow: 

1. Car for towns and cities up to 100,000 population. 

2. The large car for the heavy industrial lines of cities in 
excess of 100,000 population. 

3. The two-car city train, where the extreme condition of 
loading great factory crowds is met. 

4. The subway-elevated car for multiple-unit train operation. 

5. The car for light, frequent interurban service. 

6. The car (motor and trailer) for long-distance high-speed 
interurban operation, large enough to include smoking, toilet, 
baggage and mail compartments. 

It has been rightly said that any art goes through three broad 
stages, namely, invention, development and refinement. Elec- 
tric railroading may be considered to have passed fairly well 
through the former two periods and to be, generally speaking, 
in the period of refinement. It is not that invention and de- 
velopment have ceased or will cease, but that they are no longer 
the outstanding feature of the art. The time was, and at a 
period not far distant, when the electric manufacturers de- 
signed an individual motor for every new set of conditions pre- 
sented to them, even sometimes despite the wishes of the user. 
In fact, it is said of one official that he felt that the only safe 
specification for him to draw up was one reading, '*I want a 
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motor the exact duplicate of those now operating on the A. B. 
& C. Railway/' But that time is passing. The tendency is 
toward a smaller number of types of motors, each of which will 
cover a number of conditions. So it is fair to say that very 
nearly any set of conditions may be said to be included in one 
of the six groups enumerated. 

Different Conditions to Be Satisfied According to Service. 
We may then ask ourselves, what do we demand of each class 
of car? In general, it may be said that in city surface cars 
there are four prime essentials, namely, capacity, facility for 
passenger interchange, ease of fare collection and freedom from 
boarding and alighting accidents. 

These features are equally desirable for the town or city of 
less than 100,000 population and for the larger city, the diflEer- 
ence being of degree rather than of essentials. It is axiomatic 
that the number of cars a road must operate on any given line 
depends first upon the total number of passengers at the peak 
period and secondly on the interval that must be maintained in 
order not to lose patrons. The second item is often controlling 
in the small town throughout the entire day, just as it is in the 
large city during the non-rush hours. In other words, a service 
giving a succession of small cars at frequent intervals is obvi- 
ously more popular than one with large cars for which the 
patron has to wait, even though in neither case are the cars 
crowded. It therefore follows that' the small cities have been 
turning more and more to the smaller car. But with the in- 
crease in frequency of the service comes an increased platform 
charge and power consumption per passenger carried or nickel 
received, and when it is remembered that the platform charge 
under the best of circumstances amounts to a third or more of 
the total operating expenses, it is evident that this feature is of 
great importance. 

For the above reasons the one-man or so-called safety car has 
been developed. This type has been described in recent issues 
of the Journal. We have designated it for cities under 100,000 
in population except on lines of unusually heavy travel. This 
at once provides the pre-payment fare-collection features, re- 
duced weight and platform charges and reasonable facility of 
passenger interchange for the conditions under which it is sup- 
posed to operate. 
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Where the Biggest Oar Is Needed For the larger dties, the 
congested conditions require the use during the rush hour of as 
many cars as can be accommodated on the tracks, each of as 
great capacity as can be operated safely under the conditions 
of track curvature. In this case, therefore, the platform charge 
cannot be reduced by the elimination of the conductor. In fact, 
special aids must be provided to reduce the duties of the crew 
to the minimum. It therefore follows that fare collection and 
the quick loading and unloading of passengers become of prime 
importance. 

Since the earliest days of electric railways considerable atten- 
tion has been paid to the platform arrangement with the idea of 
facilitating the handling of passengers. In 1901 a long plat- 
form car was operated in Detroit with a railing dividing it into 
two passageways, the idea being that some passengers would 
always insist on riding on the platforms, and that by requiring 
them to keep behind a railing a passage could be kept clear. 
This naturally required an exceedingly long platform, and as 
city cars are limited in length, it subtracted that much from the 
desirable seating space in the body of the car. 

The problem of easy passenger interchange is closely bound 
up with that of fare collection, the solution of which was first 
successfully made by Duncan McDonald and W. G. Ross in the 
first Montreal pay-as-you-enter cars in 1906. In a description 
of these cars Mr. McDonald pointed out that up to that time 
there were four systems of fare collection in vogue, namely, the 
register, the portable fare box, the receipt system, in which each 
passenger was given a receipt (the receipts being checked occa- 
sionally by inspectors) and the prize system, in which prizes 
were drawn for by the holders of receipt coupons. He con- 
cludes that the task imposed upon the conductor under any of 
these systems is well-nigh impossible of fulfillment, and that the 
only ideal system is that in vogue on the elevated and subway 
systems wherein passengers have to pay before entering the car 
on which they desire to travel. 

While there have been many variants on Mr. McDonald's car, 
the essential soundness of his views has been amply demon- 
strated, and the fundamentals are embodied in every surface 
car now being built. This keeps the conductor close to the 
point where passengers embark and leave the car and has gone 
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far in the reduction of that exceedingly troublesome and waste 
ful feature of old-time surface car operation— the boarding and 
alighting accident. 

More latterly has come the use of platform doors and folding 
steps controlled by either the conductor or the motorman, and 
interlocked with the motors and control so that the car cannot 
be started until the doors are closed, and in some cases also ar- 
ranged so that the doors cannot be opened until the car has come 
to a dead stop. These features have to a large extent eliminated 
the boarding and alighting accident. 

The final factor in facilitating passenger movement has been 
the elimination of steps by careful design, dropping the car 
floor to a minimum distance above the street level. All of these 
factors have brought the remarkable results of handling passen- 
gers at the rate of about one second each, reducing the lost 
fares to a fraction of 1 per cent, and the practical elimination of 
boarding and alighting accidents. There are to-day four dis- 
tinct types of large city cars, as follows : 

Rear-entrance, front-exit, or ordinary pay-as-you-enter car, 
Fig. 1, page 231. 

Front-entrance, front-exit, or near-side car. Fig. 2. 

Center-entrance, center-exit, Fig. 3. 

End-entrance, center-exit, or * * pay-as-you-pass car," Fig. 4. 

Each of these types has its advocates, and all possess certain 
distinctive features, but nevertheless have in common the funda- 
mentals which have already been outlined. 

We have already pointed out that in large cities it is neces- 
sary during the rush hours to run as many units as is physically 
possible, each of which must be of maximum capacity. A prac- 
tical limit in the size of the car is finally reached at a length of 
from 45 ft. to 48 ft. When a larger unit is demanded for use 
under conditions such as the home-going of the employees of one 
of our large industrial plants, all at the same hour, it becomes 
necessary to employ the two-car train. This is sometimes com- 
posed of a motor car with a trailer, but this combination has a 
number of disadvantages ; and the development of a light, inex- 
pensive type of multiple-unit control and semi-automatic air 
brake has made possible and economical the use of two motor 
cars. The latter arrangement is rapidly coming into favor. 
The remaining feature to be thoroughly developed is that of the 
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ii: automatic electric coupler, and it is reasonable to expect that 

^» this will be accomplished in the near future. 

Door Location Vital in Subway Cars. In city cars operated 

V in subways fare collection disappears, but passenger interchange 

increases in importance, and there is added the feature of pro- 
tection against damage from collision. For the interchange of 
passengers it has been found desirable to make the proportion of 
doorways to passengers carried as large as possible and to mini- 
mize the distance of any passenger from a door. The size of 
car is largely controlled by existing conditions of track curva- 
ture, length of station platform, and by the determination of 
the most economical unit for combining with trains of different 
lengths at various hours of the day when the density of traffic 
varies. Two examples of this type are shown in Figs. 5 and 6. 

In interurban cars the comfort of the passengers becomes a 
controlling factor, requiring the introduction of features not de- 
manded or even desired by the public in the other class of car. 
(See Figs. 7 and 8.) 

City Cars Need Not Be Weighted to Be Collision Proof. It 
may be noted that the feature of protection against collision be- 
gins to enter with the high-speed car. By this it is not meant 
that reasonable precautions against damage from collision should 
be overlooked in the city car but that city cars do not need to 
have weight put into them to make them, as it were, collision 
proof. The speed at which they operate is so low as to make 
them ordinarily controllable with the modern brakes. There is 
no need to prepare them for blows unattainable except at speeds 
they will never be called upon to reach. A close analogy may 
be found in the Ford automobile, which, admittedly not de- 
signed to withstand collision, wends its way through the most 
dense traffic in safety due to its ease of control. Mr. Ford him- 
self has pointed this out in his recent criticism of certain steam 
car weights, that it was like using a 75-lb. basket to carry 25 lb. 
of groceries. 

From 1250 Lb. to 500 Lb. per Seat. Considerable advance 
has been made in recent years along these lines, as may be evi- 
denced by the instance of a city surface car built some years ago 
weighing approximately 50,000 lb. and seating forty passengers, 
making a dead weight of 1250 lb. per seated passenger; whereas 
cars now available for similar service weigh 35,000 lb. and seat 



234 CAR DESIGN 

fifty passengers, or 700 lb. per passenger. In fact, smaller cars 
are in use whose dead weight is not over 500 lb. per seated pas- 
senger. These reductions are due partly to the improvement in 
materials and design of motive apparatus forming a part of the 
car equipment; and partly to the use of steel in the car and 
truck construction disposed along scientific lines at the points 
where it is needed. The methods by which the proper propor- 
tioning of various parts may be arrived at will be reviewed in a 
later article. 
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SAVINGS ATTAINABLE WITH PBESENT-DAT CAB 

DESIGN 

In his previous article introducing the subject of car studies 
the writer pointed out that a car is essentially a machine tool 

• 

for the production of mileage. In any study of economies that 
can be effected in the operation of cars on an electric railway, 
therefore, there are three distinct general lines along which to 
pursue the possibilities, the first being an increase in production 
of mileage through reduction of the idle hours, the second an 
increased efficiency in the rate of production, and the third an 
improved quality of the product. It is readily seen that it is 
impossible to obtain results along these lines without co-opera- 
tion of both the transportation officials and those responsible 
for the care of the cars, although in the first line, namely that 
of production, the transportation engineer stands more alone. 

Oetting More Revenue Miles from a Oiven Car. By the in- 
crease in production is meant the additional profitable mileage 
that can be produced with a given number of cars, by stimula- 
tion of travel through pleasure riding, special excursions, etc., 
or by other agencies which will permit the company's rolling 
stock to be used a greater number of hours per day than is now 
the case. On the average property this probably does not now 
exceed eight or ten hours. 

This low figure, of course, is due to the fact that during the 
hours when people are going to and from their work there may 
be as many as sixty per cent more cars required than are needed 
during the remainder of the day, the latter number being deter- 
mined largely by the interval necessary to be maintained between 
cars in order not to lose business. That is to say, during the 
middle of the day a prospective passenger will walk a reasonable 
distance rather than wait an undue time, or if the distance be 
too long to walk comfortably, he will complain either to his 
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neighbors or to some regulating body, and if possible, withdraw 
his patronage altogether. 

On the other hand, during the rush hour, the problem is 
chiefly that of transporting a maximum of passengers in a mini- 
mum of time, which often requires as many cars as can physically 
be operated over the tracks. This large number of cars, of 
course, is greatly in excess of the number required to maintain 
a reasonable interval in the middle of the day, and hence all 
operators have bent their efforts toward an increased use of 
these excess cars during the off hours. 

By the efficiency in the rate of production is meant the in- 
crease in active mileage per car without the actual creation of 
new business, and the reduction of idle mileage. This phase of 
the subject has rather more angles to it than that of increasing 
the amount of production, being more affected by details. 
Among the chief possibilities are the following : 

The reduction of the idle or non-revenue-producing mileage 
through storage facilities at both ends of the line, and the 
short-routing of cars by a careful study of the origination and 
destination of travel. 

The increase of schedule speed through adoption of skip stops, 
higher rates of acceleration and braking, quick interchange of 
passengers in loading and unloading through improvements in 
car design and fare collection facilities. 

The reduction of platform charges through the use of one-man 
cars, two-car train operation, or double-deck cars. 

The reduction of accident claims by providing conveniences 
for the motorman In the handling of his car, thus helping to pre- 
vent front-end accidents, and by improving the interchange ar- 
rangements so as to eliminate the boarding and alighting acci- 
dent. 

Last, but not least, the provision of all facilities possible to 
enable the large majority of honest conductors to obtain all the 
fares, and to restrain the small minority of dishonest employees 
from purloining fares. Iii this branch of the subject come also 
the use of devices to stimulate an increase in coasting, and of 
other devices and methods of saving power. 

By the quality of the product is to be understood those fea- 
tures which tend to make the passenger satisfied, such as good 
lighting, heating, ventilation, and riding qualities, and freedom 
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from delay or the discomfort and exasperation induced by the 
request to **take the next car," due to failure of the cAr equip- 
ment. 

As these studies have to do only with cars, we shall not dwell 
further on the subjects of short-routing and car storage other 
than to call attention in passing to the fact that an increased 
length of car means a larger house, and a heavier car, a stronger 
and more expensive building construction. 

When we pass to the question of the increase in schedule 
speed, however, we find that the car itself becomes a vital factor 
in many ways. Much attention has recently been given to the 
so-called skip-stop system, and special stress has been laid on 
the increased schedule speed and the saving in power through 
the reduction in the number of stops and starts. It is evident 
that if the number of stops is reduced more people must be 
handled per stop and consequently platform and fare collection 
arrangements must be adopted to take care of the increased 
number of passengers without congestion. 

But in addition to this feature there enters one which has not 
received so much consideration, namely, the fact that in low- 
speed operation such as city service, the cost of car maintenance 
is very largely affected by the number of stops per mile. 

The cost of maintenance of car equipment on a well-managed 
road will run from 2 to 2% cents per car-mile. Taking an 
average of say eight stops per mile this would amount to a main- 
tenance cost of about % cent per stop. It cannot be claimed, of 
course, that the cost of maintenance increases or decreases in 
exact proportion to the number of stops, but on the other hand 
it is quite clear that if a car needed to make but one start dur- 
ing its whole trip, the wear and tear on the equipment would be 
tremendously less than under the actual conditions, where many 
stops per mile have to be made. Trolley poles, controllers, 
motors, doors, brakes, wheels and so on ad infinitum would bear 
eloquent testimony to the difference in operating conditions. 

No car equipment man needs to have pointed out to him the 
difference in life of the same type of brakeshoe on different lines 
having unequal numbers of stops per mile and the humble brake- 
shoe may well serve as a measure of the severity of the service. 
Thus it is certain that the skip-stop has a marked effect on the 
cost of car equipment maintenance. 
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Proper Stepping of Kegistorg Permitg High Bate of Accel- 
eration. The possibilities through increased rates of accelera- 
tion and braking, use of proper gear ratio, and coasting devices, 
all have their influence on the schedule and the cost of power. 
They have received so much attention, however, that it seems un- 
necessary to dwell upon them here, further than to point out 
that a high average rate of acceleration can be maintained with- 
out danger of slipping the wheels and without discomfort to 
the passengers, provided the individual resistance steps are prop- 
erly proportioned so as not to deliver a violent blow either to 
the passengers or to the wheels. 

It must be borne in mind that any shock is the result of two 
things — the moving mass and the instantaneous rate of accelera- 
tion. This is to say, with an average rate or acceleration as low 
as 1 m.p.h.p.s. and an improperly graduated resistance, exces- 
sive instantaneous or momentary rates of acceleration are en- 
countered — (possibly as high as 10 m.p.h.p.s.), which are ex- 
ceedingly uncomfortable and which slip the wheels. On the 
other hand, if the resistance is properly graduated and the con- 
troller is skillfully manipulated a steady rate of 2 m.p.h.p.s. or 
even more can be maintained without difficulty. Similarly the 
rate of braking can be increased, either by an increase in the 
cylinder pressure or some slight change in the brake rigging so 
that the maximum force on the brakeshoes can be exerted which 
experience has shown to be desirable. 

Making It Easy for Passengers to Board, Alight and Pay 
Fares. No phase of car design has perhaps received greater 
attention in the last few years than that of passenger inter- 
change and fare collection, resulting in the development of a 
number of very interesting types of cars, and consequently in 
the formulation of certain fixed fundamentals. Among these 
are the carrying of the floor as close as possible to the ground, 
the reduction or elimination of steps, the provision of conven- 
ient means for operating doors, the use of fare boxes, and safety 
interlocks between doors and car control. All of these features 
contribute to the ease of operation of the car, increasing its 
schedule speed and reducing accidents. They are therefore 
classed as economies. 

The one-man car, the double-deck car, and the two-car city 
train are in the same category in regard to economies to the ex- 
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tent that all are designed to provide transportation facilities of 
character equally as good as the more nearly standard types of 
car, and at a reduced platform cost. It would seem that the 
small one-man car of very light weight should prove increas- 
ingly popular in many classes of service, just as the two-car 
train is doing in others. While the double-deck car has not 
come into general use, it is probable that its capabilities and 
possibilities have not as yet been fully exhausted. 

Passenger Comfort Features Can Be Improved at a Saving. 
When we come to consider the quality of the product which the 
car, considered as a tool, turns out, such comfort features as 
lighting, ventilation, heating, riding qualities, etc., would seem 
to be in the nature of luxuries, rather than economies. But in- 
asmuch as they all form features of present-day car equipment 
that cannot be dispensed with, a little consideration will show 
that quite considerable economies can be effected by proper 
design and maintenance. 

Take, for instance, the matter of lighting. The successful de- 
velopment of the tungsten lamp soon led to its general adop- 
tion for car lighting, and now the practical discontinuance of 
the manufacture of carbon lamps makes the use of the tungsten 
lamp imperative. It becomes important, therefore, to select 
very carefully the characteristics of the lamp which is to be 
used. The old carbon lamp in general use was of 16 c.p., con- 
suming about 60 watts. Where voltage conditions were rea- 
sonably good this was generally considered to provide adequate 
lighting. 

In changing to the tungsten lamp, consideration should be 
given to the points on the line where low voltage occurs and to 
the importance of maintaining adequate lighting at these points. 
A question also is the amount of light which it is necessary or 
desirable to provide. For instance, it is generally agreed that 
from 1% to 2 foot-candles at a plane of 36 in. from the floor 
give adequate illumination, but if very wide fluctuations of 
voltage occur, and the lighting is designed to give 1% foot- 
candles at the lowest point, then at the high-voltage points a 
very much greater degree of illumination is obtained. As the 
life of the tungsten lamp falls off very rapidly with increases 
in voltage, it is important that a lamp of proper characteristics 
be selected, so that a reasonable life will be obtained. 
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The photometric determination of illumination in a ear is 
very simply made, and a check-up of this kind will often point 
the way to considerable operating economies. A step further, 
and one which in many cases is desirable, is to purchase the 
lamps to a specification requiring certain tests to be made in the 
presence of an inspector. Study of the operating and manufac- 
turing conditions will finally dictate the selection of a lamp 
which will have the most desirable balance of life, power con- 
sumption and illumination. 

A further point is that considerable increase in illumination 
can be obtained by a change in the color of the ceiling. These 
points, it is to be noted, are exclusive of any change in the ar- 
rangement of the lamps or of addition of reflectors, all of which 
may involve alterations to an extent not always justified. 

With regard to heaters the most obvious possibility of economy 
is in some method of operation whereby no more than sufficient 
heat will be provided. Much can be done by proper co-opera- 
tion with the transportation officials in the issuance of orders 
for the use of the heaters and the control of the doors, especially 
in cars having end doors. A simple test of heating any car to a 
given point, then turning off the heat and recording the tem- 
perature, say, every minute, with the car standing still, and 
then repeating the test with the car in actual service, will prove 
very instructive. It will show how much heat is lost through 
opening doors, ventilation, etc. 

Thermostatic regulators are also now receiving some atten- 
tion, but inasmuch as they require an extra investment and add 
a hazard or element of failure and possible complaint, it is well 
to make a careful study of the actual total amount of heat used 
for power in an average year, and the actual amount of excess 
heat that is supplied by the existing graduations of heat control 
by the ordinary switches. These data, together with the cost of 
power (coal and water only if the company manufactures its 
own power), will give an indication as to whether regulators 
will prove desirable or not. 

The conclusion will be influenced by the relation between the 
total numbers of cars owned and of car-hours operated. That 
is, sufficient regulators must be purchased to equip all cars, 
whereas only a certain proportion of these cars will be used 
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enough hours each day to make the current saving profitable. 
The matter is also further influenced by the character of the 
climate, frequency of stops, kind of service, etc., so that it is 
essentially one in which the existing local conditions must be 
carefully studied. In studying this question it should be under- 
stood that the difference between the power used in winter and 
that used in summer does not necessarily represent the heater 
load, as in winter season more passengers are often carried, 
more stops are made per mile, vehicular congestion is greater, 
etc., these items sometimes in themselves causing a large increase 
of energy used per car-mile. 

Heavy Trucks Not Eggential to Easy Biding. Oood riding 
qualities in a car are naturally desirable and are often thought 
to be obtainable only at the expense of excessive weight. It is 
very questionable whether even very high speeds require weight, 
in itself, to produce ease of riding, and it is certain that ordi- 
nary speeds, say up to 45 m.p.h., do not. The essentials are 
chiefly a proper side-swing motion adequately damped against 
excessive lurching, sufficient side-bearing and pedestal clear- 
ance, and correctly designed springs. Inasmuch as the cost of 
each additional pound has been estimated by various authorities 
to amount to as much as 5 cents per pound per year, it is evi- 
dent that it is exceedingly wasteful to apply weight to a car 
simply with a view to improving its riding qualities, when this 
result can be accomplished otherwise. Instances have been met 
where it was possible by careful redesign to eliminate as much as 
8000 lb. per car. For each lot of 100 cars this would amount 
therefore to $40,000 per year, a very substantial saving. 

In the elimination or reduction of run-ins caused by car 
equipment failures we strike a mine whose depths cannot be 
plumbed in the limits of such an article as this. There are, 
however, certain outstanding features to which attention may be 
called, the chief of which is the constant recording and analyzr 
ing of recurrent failures. 

From the analysis comes the knowledge making possible the 
redesign of the offending part, or the formulation or adoption 
of a specification or practice which will prevent the repetition of 
the failure. The word *' specification" should be taken in its 
broadest sense, not necessarily a detailed statement, but possibly 
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simply the adoption of some one make of article which has 
proved satisfactory. The chief thing is not to keep on replac- 
ing the very thing which has proved a failure. 

Instances of the above will immediately suggest themselves to 
all familiar with car equipment, one of the most striking being 
that of gearing, where improvements in materials and their 
proper selection for the service have resulted in an increase in 
life from a former figure of 50,000 miles to one of more than 
200,000 miles. 

Each Boad Needs at Least One Defect Analyst Two ques- 
tions naturally arise for the average road, one being how to 
make use of the scientific knowledge available from different 
sources, the other how much use should be made of specifications 
and inspection services. Should each road have its own force, 
however small, for the scientific analysis of problems, should it 
go for information to other and larger roads, or is it desirable 
to employ outside consulting engineers? Similarly, should the 
road attempt to inspect its own materials, or employ the services 
of inspection bureaus? This is a problem which can, of course, 
be settled only by each individual management. Roughly 
speaking, it may be said that in each organization the attempt 
should be made to include at least one man whose duty shall be 
to attend to the recording and analysis of failures and to keep 
in touch with those roads and engineering associations which 
are developing or recording methods and materials which have 
proved satisfactory. 

As to detailed specifications, their uses are twofold: first, to 
insure obtaining the material desired, and second, to yield the 
advantages of competition which could not be made use of if 
but one definite make of material were named to the exclusion of 
all others. 

In connection with both of these points, however, two things 
must be borne in mind. The first and more important of these 
is that if the user does not understand the specification it will 
often be wiser for him not to use it at all but depend rather on 
the word and experience of some reputable manufacturer. It 
is self-evident that no specification, however carefully drawn, 
can supply a lack of experience or integrity on the part of the 
manufacturer. There are extant a number of specifications 
which are a **hodge podge'' of extracts from various originals 
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combined by inexpert hands into a heterogeneous mass. The 
various provisions of these are absolutely contradictory, and 
hence make them the laughing stock of reputable manufactur- 
ers and tend to make the latter '* gun-shy'' of any specification 
not prepared by themselves. Faulty specifications, and their 
incorrect use, therefore, do not tend to economy. 

The second point has to do with inspection of materials. 
Here an attempt should be made to analyze requirements so as 
to determine fully just what materials are most vital to have 
properly inspected and tested, and what others can be pur- 
chased from ordinary merchantable stock, for the tendency in 
inspection, as in many other things, is to degenerate into red 
tape. Such inspection as can conveniently be made by the 
company's own employes should be so handled, and the balance 
should be turned over to reliable inspection bureaus. 

Don't Hesitate to Conduct Tests and Inspections. Condi- 
tions vary considerably with the size of the property and its 
local situation, but the following would seem to be a reasonable 
procedure in connection with miscellaneous materials. Taking 
first the materials themselves, the chief supplies used for car 
equipment are gray iron and malleable iron castings, bar iron, 
steel shapes and plates, steel castings, copper cable, insulating 
materials, brass castings, bar copper and lumber. 

Cast iron, being generally used in places where there is little 
tensile or bending stress, will usually be found satisfactory pro- 
vided it is of good, soft, gray quality. This is easily ascertained 
by fracture. So with malleable iron, which is used in places 
where some degree of flexibility is necessary, the quality of the 
product can generally be determined by bending. When it 
comes to bar iron and steel, we enter the region wherein it may 
be well to resort to more elaborate tests. But here again the 
engineer need not sacrifice his judgment to the fetish that 
'* everything must be tested." 

If the material is for a piece the failure of which does not 
aflfect safety, and little trouble has been experienced with the 
part, ordinary stock material may be used at less cost than if 
rigid specification were required. 

To insure reasonably good open-hearth steel, two simple tests 
can be made. In one the piece is bent cold around a 1-in. 
radius, and in the other a chemical determination of the per- 
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centage of phosphorus which it contains is made. The phos- 
phorous content should not exceed 0.07 per cent. As the import- 
ance of the piece grows the specifications may be made more com- 
plete until the full tests required in the standard specifications 
are made. The above often holds also for steel castings, as in 
many cases a piece has only to withstand stresses which are but 
slightly in excess of these which could be met by the use of 
cast iron. 

The copper parts and insulating materials are very generally 
put to use where safety and durability are prime features and 
hence should receive the maximum degree of care in selection 
that the user feels justified in applying. As the manufacturers 
are fitted to make the necessary tests at their own plants it is 
comparatively simple to have an inspector witness these tests. 

The requirements for lumber on the average car are not severe 
enough to necessitate elaborate tests, simple inspection being 
usually sufficient. Completely fabricated parts of special na- 
ture such as gearing, brushes, lamps, brakeshoes, buses, etc., can 
be effectively checked up as to their relative cost and efficiency 
by simple tests in the shops, and by recording the life and the 
mileage, at a cost the sum total of which is insignificant com- 
pared with the possible economy. 

In all these matters it should be borne in mind that there are 
**acid tests" of the desirability of any specification or require- 
ment. Will it make the article (1) safe, (2) more durable, (3) 
cheaper? The purchaser must be convinced that every require- 
ment of the specification tends to one or more of these ends, 
and if he cannot be so convinced, it is often better to omit the 
requirement. 



CHAPTER XXm 

CAB BODIES MUST BE DESIGNED FOB ECONOMY AS 

WELL AS STBENOTH 

In a previous article the writer gave a general classification 
of electric railway cars into several distinctive types, varying 
more or less in construction to meet the varying conditions of 
service for which they are designed. The differences noted 
therein had to do with arrangement rather than with principles 
of construction. All of the types contain essential elements in 
common, whether the service be, on the one hand, of the extreme 
light-weight, one-man character, or on the other, the heaviest 
train operation. 

These essential and common elements may be enumerated as 
follows: (1) Safety and comfort of passengers. (2) Ability to 
carry the load and withstand reasonable shocks. (3) Durabil- 
ity. (4) Base of manufacture and repair. (5) Minimum 
weight. 

The primary feature from a structural standpoint is the 
ability to carry the load and to withstand end shocks. The rel- 
ative importance of the two subdivisions of load and end shocks 
will depend largely on the character of service, as each different 
class of service contains one or more controlling elements which 
either may be absent entirely in the others or may be of less con- 
sequence. Variation in the design may thus be permitted, not 
so much in the fundamental principles as in the degree of in- 
tensity which one feature bears to the whole. 

In Steam Freight Cars Buffing Strains Predominate. A 
good instance of this is a freight car in steam trunk-line serv- 
ice, in which case cars are operated in long trains, pulled or 
pushed by a locomotive at the extreme end, or dropped down the 
grade of a **hog back" freight yard against a bumping post. 
All of these are conditions combining to produce enormous 
buflSng strains, which thus become the controlling features. 

The importance of this feature is well recognized and its effect 
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is summed up in the 1915 report of the M. C. B. committee on 
ear construction which contains the following : 

During the past year the committee has given careful consideration 
to the various types of existing freight-car designs, and has investi- 
gated current troubles and analyzed causes for such troubles. A large 
number of failures can be traced directly to weak center-sill construc- 
tion and to incorrect analysis of draft-gear effect on center-sill con- 
struction. 

The committee then proceeds to the consideration of the in- 
tensity of the end force which should be allowed for, and con- 
cludes that this should be assumed equivalent to a static load or 
steady pressure of 250,000 lb. Some idea of the relation that 
this load bears to ordinary electric car service can be obtained 
by considering that a typical double-truck city surface car. with 
passenger load will weigh at least 50,000 lb., and that a force 
of 250,000 lb. would be about sufficient to slide the wheels of a 
train of twenty such cars coupled together. 

Just as we have the standard freight car at one end of the 
scale, so at the other is the ultra light-weight car for city service, 
wherein the operating speeds are so low as to make the end 
forces practically negligible as a factor in the car construction. 

A somewhat parallel case in its effect on design is that of pas- 
senger interchange, or facility in loading and unloading On a 
pay-as-you-enter surface car where it is of prime importance 
to have ample platform capacity to permit the picking up of a 
large number of passengers. Of only secondary importance 
is the necessity for making the steps as low as possible. These 
features introduce a condition of an overhung weight which 
must be borne on dropped platform sills. They are points which 
do not have to be given as much weight in the design of a car 
to operate in service where the station platforms are level with 
the car and platform floor, thus permitting the use of a con- 
tinuous straight sill. 

Passenger Interchange Needs Dictate Features of Car De- 
sign. Detail diflferences and distinction could be multiplied 
and cited at length, but these soon become evident to the de- 
signer as he studies his own problem, and consideration of the 
structure of any fairly representative car will focus attention 
on the chief essentials. For this purpose a short analysis is 



CAR DESIGN ^47 

given in the present article of a level-floor ear body weighing 
with equipment approximately 40,000 lb., and designed to carry 
a maximum load of 160 passengers weighing 140 lb. each. 

The car body can be considered simply as a load-carrying 
structure or bridge, the abutments or points of support being 
the center plates of the trucks. It is customary to provide clear- 
ance between the body and the truck side bearings, to allow 
the body to rock slightly to improve riding qualities and to give 
ease in rounding curves, so that the side bearings cannot be con- 
sidered as points of support. Cross members or bolsters are pro- 
vided to carry the load of the sides and the roof to the center 
plates. These are designed as cantilevers resting on the center 
plates. The detail design of these bolsters will be discussed 
later, attention being given first to the longitudinal structure 
of the car, in relation to its function of carrying the load from 
bolster to bolster. There are various types of floor frames, but 
in general they consist of the following main members: Two 
side sills, two center sills, two end sills, two bolsters and two 
main cross-bearers. The choice as to whether the load shall be 
carried equally by all longitudinal sills, by the center sills alone, 
or by the side sills alone has been influenced in the past by the 
conditions of service, the nature of the materials used in the 
car construction and the methods of manufacture. Thus early 
types of freight cars had truss rods under each sill, so that each 
would carry its portion of the load, and cross members or 
*' needle beams" were provided underneath the longitudinal 
members to distribute the load more or less evenly among them 
all. As the length of freight trains increased, the buflSng shocks 
became excessive. As pointed out in the foregoing, they soon 
became a controlling feature, and forced the use of powerfully 
constructed center sills and, as it were, automatically the center 
sills became the chief load-carrying members. This followed 
because they had necessarily to be built strong e^ough to resist 
the end strains, and the structure thus formed was available 
for carrying the vertical loads. The same feature has had its 
influence in the construction of passenger cars for high-speed 
trunk-line service in long trains, many of which are constructed 
with heavy center sills. In these the side sills are comparatively 
light and supported from the center sills at a number of points 
by cantilever arms. 
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But on cars for electric service the center sills have not been 
very generally used for load-carrying purposes and for two rea- 
sons. One is that the attaching of the electric and air-brake 
apparatus to the bottom of the car makes it undesirable, from 
the standpoints of both installation and inspection, to have a 
deep center sill. The other is that the conditions on the usual 
electric road are not such as to be likely to impose any excessive 
end strains. Furthermore, the sides of the car have in any 
event to be built suflSciently deep to provide standing height 
and the necessary air space for passengers and hence, as the 
sides are there for these purposes, they are also economically 
available for use as load-bearing members. The center sills are, 
therefore, as a general rule made comparatively light, and while 
they carry a portion of the passenger and car equipment load 
directly to the bolsters, they cannot support the entire load of 
themselves. They are, therefore, reinforced or propped up by 
two cross-bearers which carry the excess load to the side frames. 

The side frames thus get a combined load consisting of their 
own weight, that of the roof, a fairly uniformly distributed 
load of that portion of the passengers, floor and apparatus 
directly supported by the side sills, two concentrated loads at 
the cross-bearers, and an overhung load outside the bolsters. 

To meet these conditions various forms of side construction 
have been devised, and those in general use may be divided 
into three main classes: (1) Truss rod, (2) plate girder, and (3) 
framed truss. The origin of the first of these, the truss rod, 
dates back to the early simple roof and bridge trusses wherein, 
when the distance to be spanned became too great for a simple 
beam, resort was had to a truss rod and queen post to prop up 
the beam at the center. This plan naturally was adopted for 
the same reason in car construction, but it was soon found to 
be inadequate in itself, as it provided no stiffness to resist the 
oscillations set up by the motion of the car along the track. 
Consequently it became the practice to use deep planks set on 
edge on the tops of the side sills, and bolted thereto, these being 
known as truss planks. These also were found insufficient, and 
stiffening trusses were added. These consisted of wooden struts 
carefully fitted between the sill and the belt rails, and tied to- 
gether with iron rods put into initial tension with turnbuckles. 
These trusses were also used to help support the overhung plat- 
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form loads. As these trusses were at best very flexible the 
truss-rod lent itself admirably for use with them, but with the 
advent of steel in ear construction the truss-rod became un- 
necessary. The side frame in itself is now sufficiently strong 
and rigid to carry the load without further reinforcement. 

The earliest form of steel-side construction was that in which 
the load was carried on a structure at or below the floor level. 
It consisted either of a pressed or built-up beam, deepened at 
the center and from its shape generally known as a ** fish-belly" 
girder. This was eminently well adapted to a car in which, 
as at first, only the underf rame was of steel, the sheathing, posts 
and roof being as yet of wood. 

With the further use of steel for side posts and sheathing, it 
was at once evident that for comparatively light service, with 
small buffing strains, the ** fish-belly" side construction was 
superfluous. The belt rail, side sill and sheathing in them- 
selves formed a plate girder simple in construction and suffi- 
ciently strong and stiff for a car having no doors in the sides 
between bolsters. This permitted the use of light side posts and 
roof construction, and gave a very satisfactory structure. 

When the congested traffic conditions in the larger cities be- 
gan to force the use of additional doors in the sides of rapid 
transit cars in order to provide quick passenger interchange, 
some other method than the side plate-girder had to be used as 
the doors cut the girder in half. The designer thus found him- 
self confronted by three alternatives : First, to resort to the old 
''sub-fish-belly" girder; second, to patch the two halves of the 
side plate girder together, either by a stiff frame carrying the 
compression strains over the top of the doorway or by a short 
** fish-belly" girder under the door, and third, to treat the en- 
tire side of the car as a truss. 

The different types of girder construction are shown in Fig. 
32. When we come to consider the use of the entire side struc- 
ture of the car for carrying the load, it must be remembered 
that the car side is more than a simple load-carrying structure 
such as a bridge truss, in that it is also the side wall of an in- 
closed moving vehicle designed primarily for the comfortable 
housing of passengers. As such, certain parts must be included 
regardless of whether the supporting structure is a truss rod, 
a girder or a truss. These are the floor sill, the window sill, the 
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top member generally known as the side plate, the sheathing, 
the posts, and the windows. The desirable proportion of the 
windows from the standpoint of the comfort of the passengers 
precludes the nse of diagonals, which form a necessary part of 
a true truss. In such a truss all of the members are either in 
straight tension or compression without being subject to bend- 
ing. The place of these diagonals therefore has to be taken by 
the posts which are put under bending stress, resisted and braced 
either by the belt rail and sheathing directly or by an independ- 
ent structure below the window sill and back of the sheathing. 

Some Departure From '"Orthodox" Bridge Design Is 
Necessary. To the designer of bridge and roof trusses, the 
bending of main members is considered *' anathema'' and not to 
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Fig. 32 — At Left, Loads on Center Sills and Loads Transmitted to 
Side Sills. At Right, Above, Direct and Transmitted Loads on Side 
Sills. At Right, Below, Different Types of Girder Construction. 



be tolerated. But as before stated the side of a car is not a 
structure alone, and inasmuch as the strains in the posts can be 
quite definitely determined and sufficient resistance against 
bending provided in normal dimensions of posts of not exces- 
sive weight, it has proved entirely satisfactory in electric car 
design to follow this procedure, the structure being as shown in 
Fig. 32-D. 

To overcome the bending stresses herein mentioned, and to 
produce a side structure which should be as nearly as possible 
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a true truss, the design shown in Fig. 32-E has been used some- 
what. In this the windows are rounded, giving the efifect of a 
somewhat modified Howe truss, and the design has proved en- 
tirely satisfactory. 

Generally speaking, the use of the car side for carrying the 
load in one form or another has reached the point where it may 
be considered as a fixed element of all electric car construction 
for other than trunk-line purposes. 

Oood Engineering Requires Elimination of Unnecessary 
Weight. The railways have for a number of years felt the de- 
sirability of obtaining all possible economies in the use of power, 
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and have recognized the expense caused by excessively heavy 
cars. Each item entering into the construction of the car and 
its equipment has received careful attention as to the possibili- 
ties of reducing weight. To this end it is necessary to ascer- 
tain as nearly as possible to what stresses each part of the con- 
struction is subjected, and then to design the part specifically 
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to meet those stresses, a course which the use of steel has made 
possible without involving excessive weight. 

For the floor framing the stresses imposed by the vertical 
loads may be approximately determined by the use of loading 
diagram such as shown in Fig. 32, in which approximate esti- 
mates are used of the weight of component parts of the car 
structure together with such data as may be available in regard 
to the operating apparatus which is carried on the car body. 

With the loading diagram of the floor framing thus plotted, 
the individual loads on the side sills are laid oflE to some con- 
venient scale as in Fig. 33, the force and equilibrium polygons 
are drawn, and the resulting moment and shear diagrams are 
constructed. In the flgure as reproduced the force polygon and 
rays have been omitted for convenience. The method of the 
force and equilibrium polygons is one of the simplest for de- 
termining the bending moments. It is described in detail in 
several standard works on analytical mechanics, and need not, 
therefore, be explained here. It will be seen that the maximum 
bending moment is at the center of the car, and amounts in the 
case under consideration to 120,000 lb. ft. The distance be- 
tween the neutral axes of the top and bottom members of the 
side frame or the so-called- ** effective depth" being approxi- 
mately 7 ft., the stress in these members is 8571 lb. 

Having determined this stress the next question is that of 
the safe allowable unit stress. This, of course, is a matter which 
is influenced by such points as operating speeds and track con- 
ditions. It is also one which for the electric railways has not 
been authoritatively standardized, and has been left more or 
less to the individual judgment of the designer. 

For trunk-line service an authoritative specification is that 
of the United States Postoffice Department for the construction 
of steel postal cars as follows : 

All parts of the car framing shall be so proportioned that the sum 
of the maximum unit stresses shall not exceed the following amounts 
in pounds per square inch, except as modified in sections 6 and 18. 
These stresses, unless otherwise stated, are for steel having an ultimate 
strength of from 50,000 to 65,000 lb. per square inch. When other 
materials are used they shall bear the same proportion to the ultimate 
strength of the material used. 



CAR DESIGN 253 

Bolster of rolled steel — Stress shall not exceed 12^00 lb. per square 
inch. 

Sills and framing of rolled steel — Stress shall not exceed 16,000 lb. 
per square inch. 

When cast steel is used the allowable stresses may be the same as 
for rolled steel, except tension stresses, which must be at least 20 per 
cent less than those for rolled steel as specified above. 

For members in compression the stresses shall be determined by the 
following formula: 

L 
Steel 16,000 — 70 — 

R 
In the above formula L = length in inches. 
R = last radius of gyration in inches. 

Shear, other than buflfing, 10,000 lb. per square inch 

Bearing other than buffing, 20,000 lb. per square inch 

Shear, buffing, 12,000 lb. per square inch 

Bearing, buffing, 24,000 lb. per square inch 

The foregoing stresses are based on the assumption that the maxi- 
mum end shock due to buffing shall be assumed as a static load of 
400,000 lb. applied horizontally at the resultant line of the forces act- 
ing at the center line of the buffing mechanism and at the center line 
of the draft gear respectively, and shall be assumed to be resisted by 
all continuous longitudinal underframe members below floor level, pro- 
vided such members are sufficiently tied together to act in unison. 
Calculations for resistance to buffing shocks shall be based only on 
underframe members below floor level. 

These underframe members may be considered supported against 
buckling vertically by the superstructures between center plates at 
cross-bearers to the extent that the strength of the superstructure cross- 
bearers and attachments is available for that purpose. 

For electric cars operated on lines where electricity is the only mo- 
tive power, and the total weight of trains does not exceed 600,000 lb. 
the static load may be assumed to be 200,000 lb. 

All connections, except those specified for end construction, shall 
be designed for the maximum load to which the member connected 
shall be subject; and secondary stresses in any members caused by 
eccentric loads shall be combined with the direct stresses in such mem- 
bers. The maximum fiber stress in any member subject to both direct 
and secondary stresses may be taken at 20 per cent greater than those 
given in section 20; but the direct stresses considered above must not 
exceed the allowable stresses. 
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With regard to vertical end members, the Postal specifica- 
tion requires : 

For electric cars operated on lines where electricity is the only mo- 
tive power, and the total weight of trains does not exceed 600,000 lb., 
the sum of the section moduli of the vertical end members shall be 
not less than forty, and the section moduli of the main members, either 
forming or adjacent to the door posts, shall be not less than 75 per | 

cent of this amount. . 

The horizontal reactions of all vertical end members at the top shall 
be calculated from an assumed external horizontal force, applied 18 
in. above floor line, to all vertical members in proportion to their re- 
spective section moduli, such force being of sufficient amount to cause 
bending of all vertical members acting together, and top connections 
of vertical end members shall be designed for their reactions. The 
bottom connections shall be sufficient to develop the full horizontal 
shearing value of such members. 

Except when vertical end members shall bear directly against or 
be attached directly to longitudinal members at either top or bottom, 
the assumed reactions shall be considered as loads applied to whatever 
construction is used at end sill or end plate, and both these last mem- 
bers shall have section moduli, respectively, sufficient to prevent their 
failure horizontally before that of the vertical end members. 

Other specifications make allowance for oscillation, either by 
assuming as high as 25 per cent additional load or by reducing 
the allowable unit stress as low as 12,500 lb. per square inch. 

The Postal specifications may be taken as representing good 
practice for electric car service as far as unit stresses are con- 
cerned, and also for buflBng strains for cars in rapid transit 
service where speeds are high. For lower speeds and light 
trains the buffing strains may be reduced, as these will vary 
with the speed and with the energy of the moving mass. Thus 
if 200,000 lb. is considered to be sufficient for a maximum 
speed of 60 m.p.h., then for a city surface car whose speed will 
not exceed 15 m.p.h., the maximum end force would probably 
not exceed 12,500 lb., which for a car weighing 50,000 lb. with 
load is equivalent to a retardation rate of between 5 and 6 m. 
p.h.p.s., and would permit of approximately double that amount 
before the elastic limit of the material would be exceeded. 

In the design of parts under compression particular atten- 
tion should be paid to proper bracing, and in fact it may be 
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stated that, throughout, care must be taken that the structure 
is suflBciently rigid. It must be remembered that strength and 
rigidity are not necessarily synonymous, and the latter quality 
must be obtained by the proper reinforcement against buckling 
of parts in compression, and gusseting of joints subject to wear- 
ing action. On this point the Master Car Builders' Association 
has ruled that the length of center or draft-sill members be- 
tween braces shall not exceed twenty times the depth of the 
members measured in the direction in which buckling might 
take place. 



PART V 
CAR EQUIPMENT 

By C. W. Sqxjieb, Electrical Engineer 



CHAPTER XXIV 

CONSIDERATIONS IN THE CHOICE OF CAR 

EQUIPMENT 

The necessity for adequate means to meet present operating 
expenses which are mounting by leaps and bounds has made 
''eflficiency'' a watchword of all public utilities. The import- 
ance of what has appeared to the average oflBicial as dry tech- 
nical calculations and uninteresting studies of operating require- 
ments is so very great in the actual dollars and cents that can 
be saved and additional revenues that can be earned that the 
principles underlying them are now receiving increased atten- 
tion. 

In this and following articles on electric car equipment the 
writer does not claim to be developing any new principles. The 
material used and the facts brought out may be familiar to 
many railway engineers who are actively engaged in this work. 
Yet by a rearrangement and regrouping of the principles of oper- 
ation and maintenance with a definite object in mind, it is hoped 
that certain of these fundamental requirements will be im- 
pressed more definitely in the minds of those most interested 
and prove an additional source of information and a benefit to 
the young men who are coming up in the electric railway field. 

Comparison of First Car Equipments with Present. The 
equipment of the first electric cars was very simple, consisting 
only of a motor, controller, resistance and hood switch with the 
necessary wiring to connect the various parts. Contrast this 
with the equipment of the latest types of cars to-day. Motors 
have interpole and tap field windings and ventilated cores and 
windings for increasing their continuous capacity. Control 
equipments are arranged for multiple-unit operation with auto- 
matic and selective acceleration so that the acceleration of the 
car or train will remain constant regardless of the load. Cur- 
rent-limiting relays are provided which can be quickly adjusted 
to change the rate of acceleration to meet changes in service 
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requirements. Electro-pneumatic brake equipments are used 
with quick recharge, graduated release and empty and load 
brake control so that the braking pressure will increase with the 
load, and thus maintain a constant rate of retardation. Auto- 
matic couplers are in use with main reservoir and train-line air 
connections made automatically and coupler slides with contacts 
for automatically making the electrical train-line connections 
between cars. Doors and steps are pneumatically operated and 
electrically controlled and their operation is interlocked with the 
signal system and main control connections so that the start- 
ing signal will not be given and the car cannot start until all 
doors are closed, and the doors cannot be opened till the car 
stops. Electric heaters are provided with thermostatic control, 
and coasting recorders or power recording meters are used to 
keep a check on the operation of the car. 

From the foregoing comparison it is evident that an advance 
has been made toward automatic and power operation of all 
car parts; and there is no reason why a further elimination of 
manually operated devices should not be made. This permits 
the use of labor and cars that could not otherwise be employed 
in this capacity. Men can continue in the service longer, as age 
and physical weakness do not prove as great disadvantages as 
would otherwise be the case. The satisfactory use of women 
in car service as conductors in this time of great demand for 
labor has been made possible principally by power operated and 
automatic devices and the consequent reduction of the labor 
necessary on the platform so that the conductor becomes little 
more than a car cashier. 

Another and greater advantage is the saving in time that can 
be effected by the use of power-operated devices. Other things 
being equal, anything that saves time is valuable to a railroad, 
since this is its chief purpose and service. Time saved by short- 
ening the duration of stops is just as valuable as time saved 
during acceleration or retardation of the car. Napoleon re- 
garded time as irreplaceable and of the greatest value. **Ask 
me,'* he said, **for anything but time.'' A saving in time in- 
creases the capacity or earning power of the road and also 
affords greater flexibility of operation and greater convenience 
to the traveling public. 

The chief virtue and usefulness obtained from employing 
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electricity as a motive power for railroads lies largely in its con- 
venience and its economy in the use of power. The more use 
that is made of this power, the greater the economy that can 
be expected. Railway officials in general have been eager for 
improvements as necessity demanded them, and not a few have 
been willing to try out new devices in the hope of bettering con- 
ditions. The argument that a new device is not necessary be- 
cause we have hitherto been able to do without it is seldom ad- 
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Simplified Diagram of Connections in Early Cars 



vanced. It is obvious that if such an argument had been uni- 
versally followed we would still be digging roots with our finger 
nails for a living. 

A discussion of electric car equipment may be for convenience 
separated into the following parts: 

1. Determination of operating requirements. 

2. Characteristics necessary to meet various classes of service. 

3. Necessary details for proper installation. 

4. Operation necessary for economy and safety, and 

5. Inspection and maintenances practices. 

The various parts comprising a complete car equipment may 
be logically divided into (a) those necessary for propulsion, (b) 
those used in braking, (c) auxiliary operating devices, and, (d) 
equipment for the safety, convenience and comfort of the travel- 
ing public. 

Let us consider first those parts used in the propulsion of the 
car. As the motors are the heart of this equipment they will 
be discussed first. 

Ohoosing a Motor Oar for a Particular Service. In order 
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to choose a motor car intelligently for any particular require- 
ments, we must first know just what service it will be called upon 
to perform, and what future requirements may be expected 
within the life of the equipment. This, then, requires an accu- 
rate knowledge of the present operating conditions and an esti- 
mate of the changes that may result from increases in population 
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A I — S wit^AboBrd 
Bl — ^Brake Valves 
B2 — Universal Valve 
B3 — Empty and Load 
Brake Atta^h- 

B4 — Compressor 
B5 — Master Governor 
B6 — Compressor Switch 
CI — Master Controllers 
02 — Unit Switcli Group 
C3 — -EeBiBtors 
C4 — Line Relay 
C5 — Emergency Relay 
C6 — Selective Acceler- 
ating Device 



C7 — Dead Man's Con- 
trol Valves 

C8— Fuses 

C9~Battery Charging 
Switch 
CIO— Storage Battery 
Oil— Knife Switches 
C12 — Electric Couplers 
C13 — Train Line 
Dl— -Door Operators 
Bl — ^Emergeney Trip 

Switch 
Fl— Ventilating Fan 
HI — Electric Heaters 
H2— Heater Switch 



H3— Thermostat 
LI — Main Lights 
L2 — Emergency Lights 
L3— Head, Tail and 

Marker Lights 
L4 — Lightning Arrester 
Ml — Main Motors 
PI — Push Button Box 
Rl— -Coasting Recorder 
SI — Door Signal Con- 

S2 — Signal Lights 
S3 — Buzzer Signals 
S4 — Contact Shoes 
Tl— Trolleys 



SiuPLiriED DiAOB&u OF MoBEBN Cab Control Equipment 



and manufacturing industries necessitating a change in operat- 
ing demands and lengths of lines. A large amount of this con- 
sists of data in connection with the character of the line and 
service which form a part of the records of most operating com- 
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parties. Additional operating data of the latest requirements 
should be obtained by a traflSe survey. Methods for conducting 
such a survey and for collecting the desired data have been very 
fully treated in the article by J. P. Layng in the Electric Rail- 
way Journal of Jan. 5, 1918, but the list of headings given below 
for data desired will be found helpful. 



Character of Line 

Length of run. 
Length of single track. 
Length of double track. 
Number of turnouts. 
Distances between turnouts. 
Length and percentage of heavy 

grades. 
Number and radii of curves. 
Length of congested sections. 
Special characteristics. 

Character of Service 

Number of stops. 

Number of slow-downs. 

Length of stops. 

Maximum speed. 

Time for run. 

Layover time. 

Headway by periods. 

Cut-offs. 

Turn-backs. 

Single car or train operation. 

Lengths of rush-hour service. 

Car-miles per day. 

Car-hours per day. 



Operating Data 

Line voltage by sections. 

Duration of "power*' on period. 

Duration of coasting. 

Duration of braking. 

Rate of acceleration. 

Rate of braking. 

Number of passengers on and off 
at each stop. 

Maximum number of passengers 
on car at one time. 

Congestion at terminals and trans- 
fer points. 

Delaj^. 

Car Equipment Data 

Type of car. 

Special features of car. 

Weight of car. 

Number and type of motors. 

Type of control. 

Hand or air brakes. 

Type of trucks. 

Diameter of wheels. 

Gear ratio. 

Trouble and Defect Record 

Number of run-ins. 
Number of cars held from rush- 
hour service. 



The larger operating companies have engineers who are in 
constant touch with operating conditions and who conduct tests 
at intervals so that the data enumerated above are readily avail- 
able. Manufacturing companies are usually willing to assist in 
conducting such tests in order to find out just how their equip- 
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ments are operating and for the information that they thus 
obtain to help in their calculations and designs for new equip- 
ment. Also if there is a prospect of securing an order for new 
equipment they are anxious to check conditions to make certain 
that any equipment ordered will fulfill the requirements. In 
addition to these sources there are, of course, consulting en- 
gineering firms which make a business of conducting tests and 
advising regarding specifications for new equipment. 

In making such a traflSc survey it simplifies matters some- 
what, and prevents duplicating information, if all data desired 
are taken at the same time, but this is not necessary if the tests 
extend over a considerable period. All the data on ** character 
of service'* for a specific line can be obtained and recorded by 
one man riding cars of that line. Three or four days' service 
should be sufficient in most cases. Another man can obtain all 
the operating data necessary. 

The accompanying illustrations show two data cards that have 
been used by the writer on numerous traffic tests, and which 
satisfy all requirements. They have been kept as simple as 
possible in order to prevent confusion. The use of special men 
to obtain this information has been found more satisfactory than 
relying on conductors to fill out forms correctly. Another point 
the writer has endeavored to impress on those obtaining data is 
that if they miss a reading or neglect to record one they should 
not hesitate to make a note on the form to that effect and in no 
case enter figures that they have to estimate. 

The man taking down the data as to character of service 
should be in a position where he can see and count readily all 
passengers boarding and alighting. This is done at each stop 
of the car. At the same time the length of stop is taken with 
a stop watch. Record is made of all slow-downs and their 
causes; also of any special stops or unusual occurrences that 
have a bearing on the service. At the beginning and end of the 
run he should fill in the following data as called for on the rec- 
ord card: Date, line, car number, run number, trip number, 
motorman's and conductor's numbers, leaving terminal, leaving 
time, arriving terminal, arriving time, weather and the number 
of passengers carried as shown by the fare register. 

For obtaining operating data the car should have a voltmeter 
connected from the trolley pole to ground so that the line volt- 
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age can be read, and, if possible, a watt-hour meter and an 
ampere-hour meter. The man taking and recording the data 
takes a position where he can observe the operation of the car. 
With a aplit-seeond stop watch he takes the time during which 
power is on, and the time consumed in coasting and braking. 
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This is moat readily done by starting the watch as the motor- 
man applies power. Then by the use of the split-seeond hand 
he records the time that power is cut off and braking began. 
By stopping the watch as the car stops he has the complete 
cycle. The motorman may apply and cut off power several 
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times before he starts to brake or he may apply and release his 
brakes several times before he stops, but by recording the time 
that each different operation is begun the total time consumed 
in acceleration, coasting and braking can be readily computed. 
Voltage readings are taken at certain definite points along the 
run, and all high or low readings are recorded with their proper 
locations. Of course, a more extensive record can be obtained 
by the use of recording instruments. However, these sugges- 
tions presuppose that such instruments are not available, or that 
the time and expense of conducting a more elaborate test is not 
warranted. After the data cards for each trip are turned in 
they are summarized and the results thus secured are entered 
on the traffic data record. 



OHAPTEB XXV 
BETTERMENTS AVAILABLE IN OAB EQUIPMENT 

The spirit of the day is ' ' economy ' ' and ' * eflSciency . ' ' Never 
before in our history have these two essentials been so impressed 
upon us. We have learned to retrench in fuel, food and all 
things connected with our daily needs as individuals, and we 
are learning to make what we have do twice the work we prev- 
iously expected it would perform. 

The cost of transportation is subject to the same rules as the 
cost of other commodities. Its cost of production must be re- 
stricted and reduced, and our car equipment so readjusted and 
operated that increased eflSciency will result. In the past great 
strides have been made in rendering better service with lower 
costs of operation. Now any methods by which the capacities 
of our transportation system can be increased or their costs of 
operation reduced are of paramount importance. 

Up to approximately five years ago safety and reliability in 
electric-car equipments were considered the first requisites. 
Heavy construction was considered necessary in order to meet 
the extremely trying operating conditions of railway service 
and to decrease the troubles of operation and the resulting 
maintenance costs. The life of all wearing parts was increased 
and operating engineers bent all their energies toward keeping 
maintenance costs as low as possible. As the limit in this direc- 
tion was approached the fertile mind of railway engineers cast 
about for some other means of reducing costs of operation. Sav- 
ing power appeared to offer the largest field for economy, as 
this constituted one of the largest operating cost items. 

A demand for the reduction in weight of all car and equip- 
ment parts was the first that occupied attention. Articles were 
written by many engineers who figured the costs resulting from 
carrying around the dead weight of the car and its equipment. 
These figures varied from 3 to 10 cents per pound per year as 

the conditions and service varied. The results were, however, 
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that all manufacturers of railway equipment were forced to 
redesign their apparatus. By the use of high-grade metals, 
pressed-steel shapes and better insulation, the weight was re- 
duced and at the same time other vital characteristics received 
careful study to reduce power consumption wherever possible. 
The results that have been obtained are astonishing and the limit 
has not yet been reached. 

Let us consider the various groups of apparatus comprising 
a car equipment and see what improvements have been made 
that are conducive to energy and labor saving. 

Making BeU«r and Lighter Motors. As the motors are used 
for propelling the cars we naturally expect to find the greatest 
saving in enei^^ through improvement in their design. 

The saving in power, the greater electrical efficiency produced 
and the decreases effected in maintenance costs have resulted 
primarily from the following improvements: 

1. Better mechanical and electrical construction. 

2. More efficient methods of lubrication. 

3. Slotted commutators and high-grade brushes. 

4. Interpole field windings. 

5. Self and forced ventilation. 

6. Reduction in weight. 

7. Higher grade insulation. 

8. Choice of correct gear ratio. 

9. Lower armature speed. 
10. Tapped field windings. 

After the experimental and early development stages of rail- 
way motor construction had passed, there followed the period, 
already referred to, when the energies of railway engineers 
were directed toward reliability and increased life in operation. 
This resulted in the development of the magnificent motor equip- 
ments that are now found on our electric roads. 

The first two groups of improvements enumerated above be- 
long to this period and need not be described here, as they are 
a matter of history which has been fully treated in many articles 
in the Electric Railway Journal and elsewhere. 

Present 1500- Volt Motors Less Troublesome Than Old 500- 
Volt Types, The development of the interpole or commutat- 
ing-pole motors was brought about in an endeavor to reduce op- 
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erating troubles and maintenance costs. This design was intro- 
duced and perfected during the period from 1907 to 1911. 
Previously one of the greatest troubles with direct-current mo- 
tors was in commutation. The introduction of commutating 
poles, together with undercutting the mica of commutators and 
the use of high-grade carbon brushes which occurred about the 
some time, overcame this last serious objection. 

Those who have had experience with older types of motors, 
especially before these improvements were adopted, will remem- 
ber the frequency with which the commutators ran black and 
developed flat spots. The lathes in the maintenance and over- 
hauling shops were kept in constant use turning down and sand- 
papering commutators. As a result commutator wear was very 
rapid and it was necessary for manufacturers to make the seg- 
ments very deep to provide for this wear. Now the wear of 
commutators is so slight that it can hardly be detected after a 
year • of service, and the depth of segments is made only 
sufficient for proper insulation and mechanical strength. The 
wear of the brushes was also very rapid, due to the excessive 
sparking at the commutator, and it was necessary also to use a 
brush with high abrasive properties to cut the mica. With the 
slotting of commutators hard brushes were no longer necessary 
and brushes with greater conductivity came into general use. 

Another great advantage that has resulted from these im- 
provements is in the use of higher voltage circuits, which has 
increased reliability of service. Now motors are made to oper- 
ate on 1500 volts and have less commutator trouble and operate 
better than did the old motors on 500 volts. 

The principal saving that has resulted from these improve^ 
ments is in the reduced maintenance and repair costs which have 
been given by some reliable authorities as from 50 to 75 per 
cent. These improvements have also made possible the carrying 
of heavy overloads on the motors, permitting higher rates of 
acceleration and therefore more economical operation. They 
have also made possible the use of field control with its result- 
ing economy. 

The first railway motor did not have an enclosing frame. All 
parts were exposed and consequently well ventilated. Vital 
parts were easily damaged, however, and due to the exposed 
location of the motors it was found necessary to enclose all 
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parts by the frame. This added greatly to the reliability of 
the motor, but prevented proper ventilation. 

As service conditions grew more severe it became evident that 
much could be gained by ventilating the interior parts and forc- 
ing air through the windings. The first step in this direction | 
was to ventilate the armature and depend on its fan effect to i 
keep the air circulating. This was a step in the right direction, 
but all heat had still to pass through the frame by conduction. 
By providing openings in the frame and additional ducts and 
channels in both frame and armature the present ventilated 
motor has been developed. 

The various stages in the development in motor ventilation 
were shown very clearly by a series of diagrams in the Electric 
Railway Journal of May 15, 1915. On some locomotives air is 
forced through the motors by motor-driven blowers, but the 
construction most used provides a fan on the armature which 
draws air in and drives it through the armature and fields and 
by shields and ducts deflects it and again expels it to the out- 
side of the motor. The effect that this has in reducing the 
temperature {md increasing the capacity of the motors is simply 
tremendous, and it has resulted in increasing the continuous 
capacity of motors, which ordinarily is not more than 45 to 50 
per cent of the one-hour rating, to 65 and 80 per cent of this 
rating. 

The benefit that can be derived from self-ventilation depends 
upon the schedule speed that is to be maintained and the gear 
ratio used since the amount of ventilation obtained is a function 
of the armature speed rather than the car speed. Thus in city 
service much of the operation is at low speed, with the fan 
practically inactive, and the benefit derived will be compara- 
tively small. In high-speed interurban service, with long runs, 
great benefit is obtained. With a separate blower for circulat- 
ing the air the ventilation is, of course, independent of the speed. 

Motor Weight Reduction Alone Can Save $42 per Oar per 
Annum. The weight of motors has been reduced by careful de- 
signing and proper proportioning of parts so as to eliminate all 
useless material. High-grade metals have been used to a greater 
degree, and many parts formerly made of cast iron are now 
made of malleable iron or steel. Great improvements have been 
accomplished in making these steel castings so as to permit the 
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use of thinner sections than had been possible to east thereto- 
fore. This has reduced the amount of useless material and re- 
sulted in a corresponding saving in weight. 

Pressed-steel shapes have been used more extensively also, 
and heat treating of steel has been perfected to bring about 
other savings in weight. These improvements, together with the 
latest ventilating practice, have resulted in a saving of from 15 
to 40 per cent in weight, as compared with the old-style, totally- 
inclosed motor. The exact percentage depends upon the com- 
mercial sizes and speeds available. 

To take a concrete example, suppose we consider a two-motor 
equipment with old motors weighing 2700 lb. each replaced by 
motors weighing 2000 lb. each. This gives a saving in weight 
of 1400 lb. per car. At an assumed operating cost of 3 cents 
per pound per year there would result an annual saving of $42 
per car per year. Now consider a road that is in the market 
for 200 new equipments. The reduction in the weight of the 
motors which this road could now purchase will represent a 
saving of $8400 per year. 

Better Insulation is Equivalent to Increase of Motor Ca- 
pacity. By employing a higher grade of insulation, with 
greater heat-resisting qualities, the capacity of motors has been 
increased through the raising of the safe temperature limit. 

Soldering material with a higher melting point has also been 
used. This is important since heavy and sudden overloads of 
such short duration that they do not cause excessive heating of 
the armature coils, often last long enough to melt the soldered 
connections or to cause them to soften sufficiently to permit the 
solder to be thrown out by centrifugal action. 

This increase in the capacity of motors will enable a lighter 
motor to be used for a given service and also will permit a 
higher rate of acceleration in operation, thus reducing the aver- 
age power consumed. 

Be-Gtearing Costs Less Than 5 to 10 Per Cent Power Waste. 
The use of incorrect gear ratios for railway motor equipments 
has caused great losses to operating companies. Gearing that 
was suitable for operating conditions when the motor equip- 
ments were purchased will likely prove unsuitable as the service 
becomes more exacting.- When we consider that in city and 
suburban service a majority of the work done by the motors 
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is at speeds less than 10 nLpJi., we begin to realize how im- 
portant it is to be able to accelerate rapidly. 

In checking over the service conditions of a large railway 
system operating city and suburban service, I find that 37 per 
cent of the total mileage made is in congested sections where 
a schedule speed of 7 m.pJi. is as high as can be obtained. 
Thirty-eight per cent of the mileage is in sections where from 
8 to 9 m.p.h. is the highest speed practicable, and only the re- 
maining 25 per cent is in sections where the cars can maintain 
a schedule speed of more than 10 m.p.h. The maximum speed 
for such sections is less than 11^ m.p.lL It is thus seen that 
the period during which cars can operate at maximum speed 
is very short, and a grave error is made by providing gearing 
for high speed when there is no opportunity to obtain it. A 
typical cycle for such service is rapid acceleration, short coast- 
ing period and rapid braking. Consequently the most efficient 
(operation is with the lowest-speed gearing that will give the re- 
quired schedule speed, with a reasonable margin for congested 
conditions and the making up of lost time. 

Few outside of those who have made a special study of this 
question realize its importance and at the present time there are 
a great many motors operating in service which are so geared 
as to cause a continual loss to the operating company. With- 
out doubt 5 to 10 per cent of all the power used for propelling 
electric cars and trains could be saved by the use of correct 
gearing. 

In order that a motor may be economical in power consump- 
tion it must have a low armature speed, with as high a gear ratio 
as the service will permit. In comparing the power consump- 
tion of two motors, with the same gear ratio but different arma- 
ture speeds, the one with the armature of lower speed will show 
a decreased power consumption in one of the following two 
ways, namely, it can produce the same rate of acceleration with 
less current, or with the same current it will give a higher rate 
of acceleration. 

This saving will be found much more pronounced in a service 
with frequent stops. In comparing two equipments in a city 
service with nine stops per mile and a schedule speed of 9.2 
m.p.h., it was found that the slow-speed motor used 0.46 kw.- 
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hr. per car-mile less than the high-speed motor, or a saving of 
10.9 per cent in its favor. This was due to the more rapid 
acceleration of the car with the slow-speed motor, so that the 
accelerating current did not continue so long, and with the same 
amount of coasting the brakes were applied at a lower speed. 
Part of this saving is, therefore, due to lower rheostatic losses 
and the remainder to the smaller amount of stored energy 
wasted in braking. 

How Field Control Saves $100 per 35,000 Miles. The first 
designs of double-reduction motors provided for controlling 
their speed by varying the effective turns in the field winding. 
This was known as the **loop*' system and was quite familiar 
on our first electric roads. This method of speed control proved 
a failure at that time, due principally to the difficulties encoun- 
tered in commutation as the fields were weakened. 

Improvements in motor design, together with the use of inter- 
pole field windings, slotted commutators and high-grade carbon 
brushes, so improved commutation that railway motor designers 
have again taken up this method of control, with surprising 
success. The first method of field control consisted of shunting 
portions of the field windings through a resistance. The latest 
method differs from this in that, instead of shunting the field, 
approximately 40 per cent of the full field winding is cut out. 
The advantages gained by this latter method are that the use 
of a non-inductive shunt around the field is avoided. This, with 
solid-frame motors, produced flashing. 

Let us consider how a tapped-field motor saves power, and 
what saving can be expected by the use of tap-field control. 
This saving in power is the result of more efficient acceleration. 
By comparing the characteristic curves of the motors, one a 
slow-speed motor without field control and the other the corre- 
sponding motor with field control, we find that the speed of 
the field-control motor, when operating on normal or tapped 
field is about the same as that of the other motor, while the 
speed of the field control motor when operating with full field 
is much lower. 

In accelerating the full field is used and the rheostatic losses 
will be less, as the grid resistors have less resistance and are not 
in circuit for as long as is necessary when using a motor with- 
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out field control. The tapped field is used for running, so that 
the same speed is obtained as with the non-field-control motor 
and the braking losses remain the same. A further advantage 
is also obtained by use of the field-control motors when the same 
car is required to operate in service of different character. 
Thus for combined city and suburban service field control pro- 
vides more economical operation over the slow-speed city sec- 
tions in that it permits the use of a gear ratio most economical 
for this service, and with the same gear ratio provides the higher 
speed necessary for suburban service. 

As an illustration of the saving that may be expected from 
the use of tapped-field motors consider a two-motor equipment 
where the tractive effort per motor necessary to produce the de- 
sired acceleration is 2000 lb. The relative values of current 
necessary to give this tractive effort are 83 amp. with the non- 
field-control motor as compared with 76 amp. with field con- 
trol, and the corresponding rheostatic losses are 1.4 watt-hr. 
per ton as against 0.7 watt-hr. with field control. The tapped- 
field motor, then, saves 0.7 watt-hr. per ton every time the car 
starts. With a car weighing 30 tons and making eight stops 
per mile the saving in rheostatic losses alone will amount to 
0.168 kw.-hr. per car-mile. The total saving from employing 
field-control motors in the service will amount to 0.38 kw.-hr. 
per car-mile. Considering that energy costs 3/4 cent per kilo- 
watt-hour at the car, and assuming that the car makes 35,000 
miles per year, this saving would amount to approximately $100 
per car per year. 

Concentrating Control Saves Weight, Wire and Conduit. 
At the same time that new motors were being developed, the old 
ones were receiving much attention from operating engineers 
and master mechanics with a view to cutting down maintenance 
costs. Wonders have been performed in this field, and now 
it is essential as never before to introduce still further economies 
if profits are to be made by the average road. 

The design of railway control apparatus has kept pace with 
the improvements in motor construction and many operating 
economies have been "made possible by the advance made in con- 
trol equipments. The following are some of the improvements 
in control that have aided in producing high service efficiency 
and operating economies: 



CAR EQUIPMENT 275 

1. Simplicity of construction. 

2. Greater reliability. 

3. Consolidation of parts into single units. 

4. Reduced weight. 

5. Improved materials. 

6. Automatic acceleration. 

7. Selective acceleration. 

8. More eflScient use of resistance. 

9. Arrangement for field control. 

One of the most notable advances has been the tendency to 
seek simplicity and reliability and to combine various small 
pieces of apparatus into larger units. In the equipment for 
surface cars a return has been made to more general use of the 
shunting method of transition from series to parallel, instead 
of using the bridging feature, which required a great number 
of contacts or switches. These changes are producing lower 
maintenance costs and reduced cost for replacement parts. 

The combining of various pieces of control apparatus and as- 
sembling them in a single box, which applies particularly to 
switch-group control, simplifies the control connections, reduces 
the labor and time of inspection and provides a lighter equip- 
ment. 

Switch Oroup of World's Biggest Rapid-Transit Car Weighs 
Only 900 lb. The effort to reduce weight has not been con- 
fined to C9.r bodies, trucks and motors, but has been extended 
to control equipment in a marked degree The consolidation of 
various parts comprising an equipment into single units, just 
referred to, has produced astonishing results in weight reduc- 
tion. In the control equipments used by the New York 
Municipal Railway on their new subway cars, the switch group 
which is designed to handle two 200-h.p. motors weighs but 900 
lb., scarcely more than half the weight of the former control out- 
fit of similar capacity. 

By combining all the main-circuit apparatus in a single box 
a further reduction in weight has resulted, due to the decrease 
in the amount of cable and conduit required and in the labor 
and consequent cost of installation. 

Another marked saving in weight has been effected by a 
special design of grid resistor, whereby the weight of a set has 
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been reduced approximately 40 per cent without loss in con- 
tinuous capacity. 

Not only has the weight of resistors for a given capacity 
been decreased by better ventilation and increased radiation, 
but control connections, also, have been rearranged so that the 
same section of resistance is used several times in increasing 
the voltage on the motors, by using it in series and again in 
parallel with other sections. Previously when a section was 
cut out it remained inactive during the remainder of the 
period of acceleration. This improvement gives a more efficient 
use of the resistors. 

Smaller Oontrol Accelerates Passenger Interchange. A 
large part of the equipments now being supplied are of the 
switch-group or multiple-unit type of control. Some of the 
many advantages possessed by this type of control are : 

1. Better location of apparatus. 

2. Less platform space occupied. 

3. Less liability of accident. 

4. Greater flexibility for operation. 

5. Decreased maintenance. 

6. Automatic acceleration. 

The removal of the controller from the platform is important 
because the greater the space that can be used for boarding and 
alighting the less will be the resulting congestion and the shorter 
will be the stops. This produces a saving in time that is at, once 
apparent in the increase that results in schedule speed, while the 
saving in platform wages and passenger time is well worth con- 
sidering. 

This effect of the length of stop on operating results and costs 
is very clearly illustrated in the article by J. F. Layng in the 
Electric Railway Journal for Jan. 5, 1918. This shows an in- 
crease of one-third in the cost of platform wages alone by in- 
creasing the duration of stop from five to fifteen seconds with 
nine stops per mile. 

The removing of the main circuit apparatus from the car plat- 
form reduces the liability of accidents from controller explo- 
sions and burnouts, with consequent reduction in accident dam- 
age suits. 

Automatic Acceleration Promotes Faster Schedules. An- 
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other great saving is possessed by switch-group control arranged 
for automatic acceleration in that it eliminates the energy waste 
in the first or accelerating part of the operating cycle by remov- 
ing the personal element in operation. 

Designing engineers make very careful calculations for the 
values of the various resistance steps in order to obtain smooth 
acceleration and prevent abnormal current peaks. They as- 
sume a certain definite rate of notching for cutting out these 
resistance steps. With hand-operated controllers this is seldom 
obtained. 

The effect that the rate of notching has on current values and 
power consumption is very clearly shown by the curves given in 
my article on ** Resistance Standards^' in the issue of the Elec- 
tric Railway Journal for May 11, 1912. A saving of from 5 to 
7 per cent in the total power used could be obtained on most 
roads if the controllers were operated according to the methods 
assumed in the design of the apparatus. Automatic accelera- 
tion does away with the personal element and assures the engi- 
neer that the equipment will be operated as desired. 

Another saving with automatic acceleration is in obtaining at 
all times the maximum rate of acceleration for which the equip- 
ment is designed. It is frequently found that where a line is 
operating under a fairly easy schedule the motorman will accel- 
erate slowly and, no doubt, operate with the motors in series a 
large part of the time. A study of the energy required for dif- 
ferent rates of acceleration is very interesting. With a specific 
equipment operating in city service the following results were 
obtained : 



Kate of 








Acceleration 


Watt-Hours per 


Ton 


Per Cent Saving 


M.p.h.p.s. 


Mile 




from % m.p.h.p.s. 


% 


110 






1 


90 




18.2 


1% 


83 




24.5 


1% 


78 




28.2 


2 


76 




30.9 



The difference in energy saving is considerably less between 
the high rates of acceleration than it is between the low rates. 
Thus the difference between accelerating at 1% and 2 m.p.h.p.s. 
is only 2.7 per cent, while between % and 1% m.p.h.p.s. it is 24.5 
per cent. 
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Selective Acceleration Is Another Befinement. In order to 
obtain the same rate of acceleration for all loads between maxi- 
mum and minimum, what has been termed selective acceleration 
has been developed. On the subway cars of the New York 
Municipal Railway this is accomplished by having two windings 
on the limit switch. One coil is in series with the main motor 
circuit, while the other is wound so as to oppoSe the first and 
is connected to a storage battery through a variable resistance. 
This resistance is cut out automatically as the load on the car 
increases, so that it will take more current through the series 
winding to counteract the current in the battery circuit and 
therefore to cause the ** limit'' to operate. 

This feature not only produces economy at the car but per- 
mits trains to get away from stations faster and makes them 
respond more rapidly at signals, thereby increasing the capacity 
of the road. 

Another great advantage accomplished by this improvement 
is in connection with field control. In changing from full to 
short field with tapped-field motors there is a sudden increase 
in current. This current swing mounts very rapidly as the 
lower current value, from which the change is made, is in- 
creased. Thus if the change from full to tapped field is made 
at 200 amp. the current will increase to 340 amp., and if it is 
made at 275 amp. it would swing to 450 amp. By the use of 
the double winding on the limit switch, just described, this 
change is always made at the lowest setting of the limit switch, 
which is 200 amp., and this current swing is constant and mod- 
erate. 

Faster Braking Results in Energy Saving. Time saved 
while stopping a train is just as valuable as time saved during 
any other part of the operating cycle. Improvements in air 
brakes have made it possible to use a higher rate of retardation 
for stopping and also they have reduced the time necessary to 
apply the brakes so as materially to reduce the stopping dis- 
tance and time necessary for bringing a train to rest. 

Conditions remaining the same, any increase in the braking 
rate produces a decrease in power consumption, since the car 
or train can be allowed to coast longer and the brakes can be 
applied at a lower speed. Thus less of the stored energy of 
the car will be consumed during the braking period. This 
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saving is shown directly in the decreased time that power must 
be used in order to maintain the required schedule speed. 

Electro-Pneumatic Brakes Stop a Train in 330 ft. Instead 
of 580 ft. By using electricity to actuate the air valves of the 
compressed air brake, the following advantages have been ob- 
tained : 

1. The difference in time, at which brakes are applied on the 
front and rear cars of a train is eliminated. 

2. The probability of rough handling is reduced. 

3. The difference in time between the movement of the brake 
valve and the application of the brakes is reduced. 

4. Brake-cylinder pressure and the resulting retarding force 
is developed more rapidly. 

5. Higher rates of retardation can be employed. 

6. The limits in the length of trains are removed. 

The largest saving that has been accomplished by the use of 
electro-pneumatic brakes has been obtained by increasing the 
braking rate. Previously it was not possible to use a rate of 
retardation anywhere near approaching the holding power be- 
tween the wheels and the rail. This was due to the fact that in 
applying the brakes pneumatically the application began first 
at the front end of the train, and this interval between brake 
application at the front and rear prevented using the maximum 
rate of retardation at the front end or shocks would occur so 
severe as to damage the car equipment and be injurious to pas- 
sengers. By the use of the electro-pneumatic features a rate 
of initial retardation has been made possible at least ten times 
that formerly used without damage or inconvenience, since the 
brakes are applied on the rear of the train at nearly the same 
instant as at the front. 

It is also practicable to use a maximum rate of retardation 
approaching very closely to the holding power of the rail. Com- 
pared on this basis, brakes applied electro-pneumatically will 
give 100 lb. brake cylinder pressure in two seconds, with a 
braking ratio of 150 per cent, and will stop a train from 40 
m.p.h. in 330 ft., while when applied pneumatically they pro- 
duced 60 lb. cylinder pressure in 6.6 seconds, a braking ratio of 
120 per cent and at 40 m.p.h. required 580 ft. to stop the train. 
A saving in distance of 250 ft. is obtained in this instance by 
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the use of electro-pneumatic brakes. This means a great deal 
on lines where it is necessary to operate to the full capacity 
of the tracks, as the length of the blocks used in signaling de- 
pends on the distance that is necessary to bring a train to a 
stop. With shorter blocks trains can follow each other more 
closely and so the capacity of the line is increased. 

The stopping distance with the pneumatic brake will in- 
crease as the length of train is increased, while that with the 
electro-pneumatic brake is independent of train length. The 
length of train that can be operated is thus limited by the 
use of the pneumatic brake, while with electro-pneumatic brakes 
any length trains are feasible as far as the brakes are con- 
cerned. 

The value of increased braking rates on electric cars or trains 
makes itself manifest in a decreased power consumption if the 
same schedule speed is maintained or in an increase in schedule 
speed with the same power consumption. This follows since, 
with the same schedule speed, an increased rate of retardation 
will allow an additional amount of coasting and enable current 
to be cut oflf the motors sooner. The energy saved in average 
city service by increasing the rate of retardation from 1 to 1^^ 
and 2 m.p.h.p.s. will average about 8 and 11 per cent respec- 
tively. 

Since a. high rate of retardation produces the greatest 
economy it is desirable to maintain the maximum rate with a 
loaded car or train as well as with a light one. A braking 
power suflScient for a light car is inadequate for one loaded, 
. and if the braking power is designed so as to use the adhesion 
of the loaded car it would obviously produce sliding wheels 
when the car is empty. The variable-load brake, which has had 
its first installation in passenger service on the cars of the New 
York Municipal Railway, fulfills this requirement. 

On these cars a full passenger load represents 45 per cent 
of the light weight of the car. The increase in train weight 
if the same braking pressure were used would mean practically 
a proportional increase in braking distance. It will be readily 
appreciated that the improvement prevents a serious waste of 
time and decreases the distance between trains at limiting 
points so as to increase the capacity of the lines 

Briefly, this automatically provides an increase in brake- 
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cylinder pressure as the load increases, by increasing the vol- 
ume of the auxiliary reservoir. This change in reservoir ca- 
pacity is accomplished by the use of an additional reservoir 
divided into compartments of various sizes, and connected to 
the auxiliary and supplementary reservoirs through ports con- 
trolled by a slide valve. The movement and position of this 
slide valve is automatically adjusted by the variations in weight 
on the truck springs due to changes in passenger load. An 
accurate adjustment of braking power in ratio to load is thus 
obtained. 

In some tests made under operating conditions with a view 
to determining what saving was effected by the use of this im- 
provement in stopping loaded trains, it was found, with the 
brake-cylinder pressure adjusted to give the maximum safe 
rate of retardation for a light train, that in making a stop with 
a fully loaded train from 40 m.p.h. an additional five seconds 
per stop and an average of 150 ft. in stopping distance was 
required over that obtained with the empty-and-load device 
supplying a brake cylinder pressure in proportion to the load. 
This means that with a brake adjustment and pressure for pro- 
ducing an average rate of retardation of 2 m.p.h.p.s. with a 
light train, there would be obtained but 1.6 m.p.h.p.s. with a 
fully loaded train. By the use of the empty-and-load brake 
device 2 m.p.h.p.s. could be obtained. 

This device also improves operation in that a motorman can 
judge his stopping distance more accurately, for the stopping 
distance with the same reduction in train line pressure will be 
nearly constant, while otherwise motormen frequently have to 
make a second reduction and sometimes an emergency applica- 
tion. 

Slack Adjusters for Safe Saving — Automatic Couplers for 
Quick Train Make-Up. Slack adjusters also decrease power 
consumption. In making an application of the brakes, the first 
movement of the brake-cylinder piston takes up the slack in 
the brake rigging and brings the brake shoes in contact with the 
wheels. The more slack there is in the brake rigging the greater 
is the distance that the piston will have to travel before braking 
pressure is applied to the wheels, and the greater will be the 
volume of air used in applying the brakes. By taking up any 
excessive slack in the brake rigging the slack adjuster aids in 
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giving more eflScient braking. Slack adjusters also lengthen 
the period between brake adjustments. 

The most important recent developments in coupler design 
include provision for automatically making tlie air and electrical 
connections between cars as well as providing the mechanical 
coupling of the cars. These improvements effect a great sav- 
ing in time in adding and cutting off cars and they also do 
away with the extra men formerly necessary to assist the motor- 
man in making these connections. Accidents are also reduced 
to a minimum. Automatic couplers also make it easy to add 
and cut off cars at points before the end of the line is reached, 
so that trains of maximum length can be operated through the 
congested service sections and then cars can be cut off and the 
remainder of the run made with just enough cars to take care 
of the service requirements. 

Pneumatic Door and Step Control — ^Better Lighting with 
Large Units. With power operation of doors and steps, many 
advantages have been made use of to reduce costs that were not 
considered at first. These include: 

1. Reduced number of accidents. 

2. Shorter duration of stops. 

3. Better car heating. 

4. The use of labor more suitable for personal contact with 
the traveling public. 

When the rear platforms of earlier cars were open no door- 
operating mechanism was necessary, but with the introduction 
of closed vestibules on cars it became evident that the value of 
such cars would be greatly increased by a faster operation of 
door and step mechanisms. The earning power and attractive- 
ness of a car are also greatly increased by the use of automatic 
equipment. 

The hard service which manual door operation requires of a 
conductor can be appreciated from the fact that on some lines 
a round trip requires opening and closing the doors as many 
as 200 times. Is it any wonder that with hand-operated doors 
the conductor slows up his operation after a few trips? 

I have already discussed the advantage in power saving that 
is gained by keeping the stops as short as possible. There is 
an additional advantage obtained by closing the doors quickly 
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in the saving of heat in cold weather. In addition to these 
savings in time and labor, power operation of doors and steps 
permits the use of a different class of platform labor and as- 
sists in obtaining it more readily, as the duties are made more 
attractive and desirable. Labor with greater mental capacity 
rather than physical agility can be used, and as the duties re- 
quire close and continual contact with the traveling public bet- 
ter relations are fostered and complaints are reduced in number. 

The changes and improvements that have been made in car 
lighting have resulted not only in better lighting but in cheaper 
lighting as well. The lamps in use on cars on nearly all the 
lines today are of the improved tungsten-filament type. Up to 
approximately five years ago the carbon-filament lamp was in 
general use. Due to the fact that nearly all roads using direct 
current arrange their lamps in circuits of five lamps in series, 
and as these circuits are subjected to a considerable fluctuation 
in voltage, the carbon lamps used were burned at low efllciency. 
Tungsten-filament lamps outclass carbon lamps in efllciency 
and in the color of the light produced and, with the improve- 
ments in manufacture that have been made, they now give 
as long life as the carbon lamps. 

The first use of tungsten-filament lamps was in replacing car- 
bon lamps and as most of these installations had been arranged 
for use of 16-candle power lamps these were replaced with 23- 
watt tungsten lamps to give approximately the same illumina- 
tion. In rearranging lighting circuits for remodelled cars and 
installations of new equipment an endeavor has been made to 
use a lamp of larger candle power with fewer units per car, 
in order to get the durability of a larger filament. The results 
of some tests extending over a period of several years after car- 
bon lamps had been replaced with tungsten-filament lamps show 
a net saving in the cost of energy after the additional cost of 
tungsten lamps reinstalled had been deducted of 25 cents per 
1000 car-miles. 

The advantages of the electric heater result from light weight, 
smaller fire risk, low maintenance, reliability, possibility of ac- 
curate regulation, cleanliness and small space required. The 
operating cost of electric heating is a serious one and this fact 
has been especially emphasized during the past winter. 

Thermostatic Control Saves Money. The use of thermostatic 
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control for regulating the electric heaters of cars has pro- 
duced a large saving. Careful observations taken in actual 
service have shown that this saving amounts to 30 to 40 per 
cent of the total power used for heating in some cases. The 
heat from the passengers' bodies aids in heating the cars more 
than is usually supposed. A crowded car is many degrees 
warmer than an empty one consuming the same current. 

During the rush hours cars traveling in one direction are 
usually crowded while those going in the opposite direction 
are comparatively empty. These varied conditions can be met 
successfully only by having an accurate automatic control of 
the heaters. The heating current load, occurring as it does 
during the winter months when both the lighting load and the 
power load are increased considerably, is worth more than its 
proportion of the total cost of power. The **top of the peak 
costs most" and any reduction in heating current decreases the 
peak load. 



CHAPTER XXVI 

SERVICE CONDITIONS DETERMINE CAR 
EQUIPMENT CHARACTERISTICS 

In the previous chapter I gave an outline of the data that are 
desirable to determine service conditions, and some suggestions 
as to the best methods for obtaining these data. Let us now 
consider a particular service and make use of these data to deter- 
mine the motor equipment best suited for the requirements. 

How Number and Duration of Stops Vary with Service. I 
have chosen for consideration first a city and suburban service 
and the data I shall use are from actual tests made on a large 
system operating this service. In making these tests twenty 
of the most important lines were chosen as being representa- 
tive of the entire system, and a traffic survey was made of 
these lines. In tabulating the results for the summarized data 
record, each line was divided into sections and the data have 
been tabulated for each section. By this method we have been 
able to determine accurately the service characteristics of the 
various districts as well as the requirements for the complete 
line. A comparison of the results of these tests indicates that 
this service in most cases is made up of four distinct classes 
as follows: 

1. At the ends of the lines there are runs of from 1% to 2% 
miles in length through a suburban district where the stops 
average from five to six per mile. These stops are of com- 
paratively short duration due to the small number of persons 
boarding and alighting at each stop. 

2. Another class of service is through a more closely populated 
residence section with stops of from seven to nine per mile, 
with some transfer points and with a corresponding longer time 
for stops. 

3. The next class is operation through a business section 
where the stops average from twelve to sixteen per mile and 
where the headway between cars is so short, due to several lines 
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operating over the same tracks, that there is very little oper- 
ation beyond the series position of the controller. Frequent 
slow-downs for traffic also add somewhat to the congestion. 

4. The last class of service involves entering and operating 
across bridges which have severe grades at each end and where 
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the only stops are due to congestion of traffic. The length of 
these runs is from 1 to 1% miles in each direction. 

In the accompanying ** Traffic Data Eecord" I have shown this 
summarized record for four of these lines. This will illustrate 
how the data were separated for each line so as to show average 
results for each class of service. 



i 



288 CAB EQUIPMENT 

The columns on passenger loads give some very good infor- 
mation as to districts where passengers are picked up and dis- 
charged and the average loads carried throughout the various 
sections of the line. In order to illustrate this more clearly I 
have plotted graphs showing the average number of passengers 
carried in the different zones for the four lines given in the 
table and have also indicated the seating capacity of the cars 
operated and the average schedule speed that is maintained. 

It should be borne in mind that these represent average and 
not maximum conditions, and also travel in both directions 
through the various sections. 

A further comparison of the different classes of service is 
obtained by averaging the results from all lines with the data 
divided and tabulated as follows to show average requirements 
for each class of service : 

SUMMARY OF SERVICE TESTS 

Per Cent Average Average Average 

of Schedule Number Duration 

Total Speed Stops per of Stop, 

Class of Service Mileage M.P.H. Car-Mile Seconds 

Suburban 12 . 11.3 4.4 7.2 

Residence 38 8.7 8.1 7.2 

Business 37 7.3 12.4 7.6 

Bridges 13 10.9 2.7 6.6 

In the column showing the percentage of total mileage oper- 
ated in each class of service it is seen that the mileage for 
suburban operation is practically the same as for bridge oper- 
ation, these being 12 per cent and 13 per cent of the total mile- 
age respectively. Also the mileage operated in residence dis- 
tricts is nearly the same as that operated in business districts, 
these being 38 per cent and 37 per cent respectively of the total 
gnileage, or about three times that operated in suburban and 
bridge service. The highest schedule speed obtained was 113 
m.p.h. in suburban service with an average of 4.4 stops per 
car-mile of 7.2 seconds each, while the lowest schedule speed 
through business districts was 7.3 m.p.h. with an average of 
12.4 stops per car-mile of 7.6 seconds duration. This average 
number of stops per car-mile includes slow-downs; it being as- 
sumed that two slow-downs are equal to a stop. The average 
length of stop is very uniform, this varying only from 6.6 to 
7.6 seconds. 



CAE EQUIPMENT 



289 



Operating Characteristics Show Schedule Speed as Affected 
by Stops. From these data I have plotted an operating char- 
acteristic graph, Fig. 35, showing the variation in schedule speed 
with the number of stops made per mile. By referring to this 
figure it is seen that the schedule speed varies from 7.3 m.p.h. 
with a stop every 425 ft. to 15 m.p.h. with stops every 2600 ft. 
Such a graph plotted from the service conditions on any road 
will be found very useful for comparing the different equip- 
ments operated. We can now use this curve for the preliminary 
selection of motors upon which to base our calculations in choos- 
ing new equipment. 




500 1000 1500 2000- 2500 

Average Distance Between Stops fn Fee+ 

Fig. 35 — Variation of Schedule Speeds, with Number of Stops 



Our first problem in connection with the choosing of the 
motor equipment of a car is to lay out a duty cycle from the 
service requirements, with certain preliminary assumptions as 
regards weight of the car, desired rates of acceleration and re- 
tardation and a decision for our first calculations as to the num- 
ber of motors per car to be used. I shall later make some com- 
parisons to show the relative advantages possessed by two- and 
four-motor equipments, but for the preliminary study we shall 
assume two motors per car. 

In the preliminary calculations for any proposed equipment, 
speed-time curves with the current and energy consumption 
curves form the basis for calculating the performance of the 
equipment and give the first start toward making the selection 
of the motors to be investigated for capacity as limited by heat- 
ing. There are a number of things to be considered in the 
selection of a motor for a given service. The most important 
requirement is that the motor chosen must be capable of per- 
forming the required service without becoming overheated. 
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The amount of heating in service is determined by the '"square- 
n)ot-of-the-mean>square*' motor current and the average voltage 
on tlie motor. In the service which we are considering, a long 
sories of testa has shown the average line voltage at the cars 
to bo 540 volts, 

OPERATION WITH SINGLE CARS 

\N oijjht of oar 39,000 lb. 

S(>«t(Hl Kmd fifty eight passengers 8,120 lb. 

StaiuUiig liHid 130 imsaengers 18,200 lb. 

Average Hiio voltage from test 540 volts 

Uianietor of driving wheels 28 in. 

Number of motors (ter car 2 

Average length of runs: 

8uhurlmu 1,200 ft. 

HeAitience 668 ft. 

H\i«ine«a 427 ft. 

Averag«> 620 ft. 

liritlge runs will be studied in detail. 

AverMg^ duration of stop: 

Sub\irlian and residence 7.2 sec. 

liuMimNM 7.6 sec. 

Avemg* 7.3 sec. 

Sohinlule »|HH>d: 

Sxiburlkau 11.6 M.P.H. 

UeHidontH* 9 M.P.H. 

UuHim>s« 7% M.P.H. 

Hri^igt^s 12 M.P.H. 

Averngt^ 9 M.P.H. 

.\<H^^lernting and braking rates 1^^ M.P.H.P.S. 

Train rt^istanw Use curve from actual tests 

(."^U've rvAiAtanoe .8 lb. per ton per degree of curvature 

S|hhh1 in m.pJi. on o\irves to be limited to the square root of the radius 
in fwt. 

i>A'l A bX)R UVTY CYCLE AND SPEED TIME CURVES 

SjhmhI at orojiisover* not limited. 

.\ (raotivo effort of liH> lb. to be used for accelerating 1 ton at a rate of 
1 m,pJi.)Mi. 

AKain tho motor should bo able to make the desired schedule 
Mpood snfoly aiul^ in addition, it should have some additional 
oupnoity and spood for making up lost time. The maximum 
nttainnblo speed, however, should be kept as low as is consistent 
with tJie above eondition, and the gear ratio chosen should be 
such that when the ear is ninning: at its maximum speed, the 
motor armature speed w^ill not exceed a safe limit. 
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Motor Capacity Theory and Practice Can Be Brought into 
Close Agreement. A number of articles have appeared in the 
Electric Bailwwy Journal from time to time giving methods of 
calculating the performance of railway motors while operating 
under service conditions. It is possible, however, that the de- 
gree of accuracy with which a service may be predetermined is 
not very generally understood. By checking preliminary cal- 
culations with actual results taken from tests, railway engineers 
have reached a stage where it is possible to choose the equip- 
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ment and be certain that it will fulfill the required conditions. 
So close agreement has been established between theory and 
practice. 

In these preliminary calculations it is usual to simplify the 
work somewhat by substituting a uniform grade for the irregu- 
lar profile of the road. This uniform grade is taken as the 
average of the various grades between terminal points. In the 
present service I intend to treat the bridge runs where the 
most severe grades are encountered separately, while the average 
grade for the remainder of the service is so small that it may 
be neglected in the first calculations. Curve resistance and the 
eflPect of curves on the speed is usually averaged in laying out 
the typical run except in districts where these occur so fre- 
quently and are so severe as to require low-speed running. 
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Instead of figuring out each individual run for a ear or train 
making frequent stops^ the service is studied by typical runs 
equal in length to the average distance between stops for the 
service under consideration. Some discretion has to be used 
in applying these methods as they do not hold good over too 
wide limits, but with precautions they will produce accurate 
results. 

In order to apply this method to the study of the service 
selected for illustration the data in the accompanying table will 
be used. 

Numerous empirical formulas have been developed for train 
resistance, some of them based on very elaborate tests. The 
values obtained by the use of these formulas differ widely. The 
two graphs shown in Fig. 36 are derived from a series of 
tests which I made on surface cars of from 20 to 25 tons weight 
operating on city service. Since making these tests I have had 
occasion several times to check these with the results of other 
tests in similar service. I find that they compare very closely 
with results obtained. To adapt these data to calculations 
where the weight of the cars vary slightly from the ones actually 
tested, I have worked out the following empirical formula: 

2?' = 18 + 0.3y + 0.1 — 

T 
when F = train resistance, pounds per ton 
V = speed, miles per hour 
T = weight of cars in tons 

This formula for train resistance, worked out graphically in 
Pig. 36, should be used only for single-car operations on surface 
tracks and for cars corresponding closely in weight to those 
tested. 



CHAPTER XXVn 

PROPER ANALYSIS IS FUNDAMENTAL IN 
CHOOSING RAILWAY MOTORS 

Railway motor characteristic curves show speed in miles per 
hour with a certain gear ratio and size wheel, tractive effort at 
the rim of the wheel and eflSciency. The efficiency is usually 
expressed as the relation between the electrical input to the 
motor and the mechanical output from its armature shaft. By 
deducting the losses in the gears connecting the armature shaft 
with the car axle, we obtain the relation between the electrical 
input to the motor and the output at the rim of the car wheels. 
This relation is referred to as ** efficiency with gears'' and is the 
one most generally used, although it is desirable to have both 
given in order to eliminate errors made by determining gear 
and friction losses by different methods. 

Motor characteristics form the basis of all calculations of mo- 
tor performance, and in comparing motors for a particular serv- 
ice it is usual to replot the curves as furnished by the manu- 
facturer, making any changes necessitated by any difference 
in voltage, gear ratio or diameter of driving wheels. The fol- 
lowing formulas give the various changes in speed and tractive 
effort as effected by a change in gear ratio or diameter of 
wheels : 

S = Speed ordinate for any current value on original curve. 
Si = Speed ordinate for any current value on derived curve. 
T = Tractive effort for any current value on original curve. 
Ti = Tractive effort for any current value on derived curve. 
D = Diameter in inches of driving wheels for original curve. 
Dj = Diameter in inches of driving wheels for derived curve. 
O = Gear ratio for original curve. 
Gi = Gear ratio for derived curve. 

293 
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Then: 

{G XD,) {O, X D) 
S^ = 5 and Ti = T 

(G, XD) {GX D,) 

For example, suppose we have the characteristic curve for a 
motor with 33-in. wheels and 15:69 = 4.6 gear ratio and we 
wish to find the derived curves for 30-in. wheels and 17 : 67 = 
3.94 gear ratio. 

4.6 X 30 

Speed ordinate 8^ = 8 = 1M18 and 

3.94 X 33 

3.94 X 33 

Tractive eflfort ordinate T^ = T = 0.942T 

4.6 X 30 

The factors by which the speed and tractive effort at any cur- 
rent are to be multiplied to give the derived values are the 
reciprocals of each other. It should also be noted that in chang- 
ing the gear ratio on the same motor, the sum of the number of 
teeth in the pinion and gear must remain the same. 

The voltage at the terminals of a railway motor may be 
divided into two parts, the counter-emf. and the voltage re- 
quired to overcome the internal resistance of the motor. This 
last component is equal to the product of the resistance in ohms 
by the current in amperes and is thus constant for any given 
current regardless of the terminal voltage. In a certain 50-hp. 
motor with a resistance of % ohm 20 volts are necessary to force 
40 amp. through the windings, and for any other current the 
value will be proportional. 

The speed of a railway motor when operating with any given 
current is directly proportional to its counter-emf., that is, the 
voltage produced by the armature conductors cutting the 
magnetic flux. 

Thus, 

8^ E^ — Ir 

8 E —Ir 
where 
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E is the terminal voltage for the original curve 
^1 is the terminal voltage for the derived curve 
/ is the current value 
and r is the internal resistance of the motor 

If the 50-hp. motor referred to above is operating at 40 amp. 
and 600 volts, the voltage required to overcome the internal 
resistance is 20 and the counter-emf. is 580 volts. If the volt- 
age at the terminals is reduced to 500, with the same current, 
the counter-emf. will be 480 volts and the speed of the motor 
will be reduced in the same proportion. The ratio of 480 to 
580 is 0.827 and if the speed at 600 volts was 17 m.p.h., it would 
be reduced to 14.06 m.p.h. at 500 volts. It is thus seen that 
the speed is reduced in greater proportion than the terminal 
voltage, for the ratio of 500 to 600 is 0.833. It follows, then, 
that if the resistance of a motor is known, the characteristic 
curves at any desired voltage can be readily calculated from the 
curves available. 

Some graphical methods for determining the speed ratio for 
different changes in terminal voltage were given in the issues 
of the Electric Railway Journal for March 13 and September 
18, 1915, and serve to illustrate these relations very clearly. 

The tractive effort produced by the motor is independent of 
the voltage, being determined by the current alone. Hence, as 
long as the motor is drawing a given current the torque and 
resulting tractive effort will be essentially the same regardless 
of the voltage at its terminals. 

Speed-Time Curves Show Motor Performance for a Par- 
ticular Service. Before making a comparison of the service 
furnished by different motors, I shall discuss briefly a method 
* for calculating and constructing the speed-time curves. Data 
for the duty cycle are given in the previous chapter and in 
the Electric Railway Journal of April 20. The characteristic 
curves of a tapped field motor, to be used in the present cal- 
culations are shown in Fig. 37-A. 

In starting a car resistance is placed in series with the mo- 
tors, and this is gradually cut out by the action of the con- 
troller until finally the full line voltage is applied to the motors. 
This period of the operating cycle is known as the rheostatic 
accelerating period. Assume an average acceleration for this 
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period of IH m.p.h.s. To produce an acceleration of 1 m.p.h.p^. 
requires 100 lb. per ton, so that 150 lb. per ton will be required 
to give the acceleration desired. As the car with seated load 
weighs 23.56 tons, there must be 150 X 23.56 or 3534 lb. net 
tractive effort for the car or 1767 lb. per motor to give the 
rei]uired acceleration. In addition to this, the motor must pro- 
duce the tractive effort necessary to overcome the train resist- 
ance« as shown by the graphs shown in Fig. 36. 

In order to determine the point on the speed-time curve at 
which all of the starting resistance is cut out and the motors 
have full line voltage applied to them, it is most convenient to 
use an auxiliary curve sheet of the form shown in Fig. 37-B. 

This method was first brought to my attention in an article 
by W. S. Valentine in the Street Railway Journal of Sept. 6, 
1902. It has been described several times since in various 
handbooks and technical papers. 

These graphs. Fig. 37-B, are constructed as follows : A scale of 
pounds net tractive effort per motor is laid off along the hor- 
izontal axis and scales of speed and acceleration are laid off 
along the vertical axis. The train resistance graph, BR, is first 
plotted, showing train resistance per motor for the different 
speeds. The graphs of net tractive effort, L8 and MN, are ob- 
tained by taking the tractive effort at any speed from the motor 
characteristic curves, Fig. 37-A, and subtracting the train re- 
sistance for that speed from this. 

Thus at 12 m.p.h. the tractive effort with full field is 1060 
lb., less 262 lb. train resistance, which leaves 798 lb. net tractive 
effort. These values are then laid off and the point P on the 
graph is determined. Other points are obtained in a similar 
manner. With tapped-field motors two graphs are obtained as 
shown. Since the rate of acceleration is directly proportional 
to the net tractive effort, a straight line drawn through zero 
at the proper angle will be the graph of acceleration on straight 
level track. In our case it required 1767 lb. per motor to give 
an acceleration of 1% m.p.h.p.s. This locates the point Q, and 
the line OQ gives the acceleration for different values of net 
tractive effort. From the curve LS we see that 1767 lb. net 
tractive effort is obtained at & speed of 9.9 m.p.h. Hence the 
car will accelerate at the rate of 1% m.p.h.p.s. until this speed 
is reached, when full line voltage will be applied to the motor. 
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There are many graphical methods used for plotting speed- 
time curves, and all possess considerable merit. My exper- 
ience has shown that the step-by-step process gives a clearer 
understanding than others of the actual mechanics of car per- 
formance and a firmer grasp on the theory underlying the con- 
struction of the curves. After such an imderstanding has been 
obtained graphical methods are of great assistance in reducing 
the labor involved, especially when it is necessary to plot many 
curves. 

In the following table are tabulated values for each step of 
the speed-time-curve construction. As the motor characteristic 
curves give tractive effort for a single motor it is more con- 
venient to figure the pounds train resistance and net tractive 
effort per motor instead of per car. 
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9.9 


90 


F.F. 


2,018 


251 


1,767 


1.50 
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F.F. 


1,735 
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1,482 
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1,399 
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T.F. 
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1,035 


0.87 
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T.F. 


1,040 
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0.65 
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15.00 


57 


T.F. 


870 
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0.51 
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51 


T.F. 
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0.40 


14.23 


17.00 


47.5 T.F. 
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44.5 T.F. 
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42 
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213 


0.180 


25.41 


20.00 


39 


T.F. 


460 


303 


157 


0.134 


31.78 



A speed of 9.9 m.p.h. corresponds to a current of 90 amp. I 
have assumed a lower current limit setting of 80 amp. so that 
the motors operate with full field until the current falls to this 
value, when the change to tapped field is made. This will oc- 
cur at a speed of 10.35 m.p.h. as will be seen from the charac- 
teristic curves, Fig. 37-A. 

To construct the speed-time curve of Fig. 37-C, we use the fig- 
ures in the table as follows : As the car accelerates at a rate of VA 
m.p.h.p.s up to 9.9 m.p.h., the time required to reach this speed 
is 9.9/1.5=: 6.6 seconds. This determines the point A on the 
curve, and the line OA represents the straight line or rheostatic 
accelerating period. 
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As the car increases its speed the current, tractive effort and 
rate of acceleration decrease and at a speed of 10.35 m.p.h. the 
current will have fallen to 80 amp. and the rate of acceleration 
will be 1.26 m.p.h.p.s. Since the tractive effort and acceleration 
decrease uniformly as the car increases in speed, we may as- 
sume without serious error that the average acceleration during 
this period is the average of the initial and final accelerations. 
The average rate of acceleration between 9.9 and 10.35 m.p.h. 
is % (1.5 + 1.26) = 1.38 m.p.h.p.s. 

In using this method speed intervals greater than 3 m.p.h. 
should not be used. Usually an interval of 1 m.p.h. will be 
found very convenient. To increase the speed from 9.9 to 10.35 
m.p.h., a difference of 0.45 m.p.h., at a rate of 1.38 m.p.h.p.s. 
requires 0.45/1.38 = 0.326 second, and the car reaches the 
speed of 10.35 m.p.h. in 6.6 + 0.326 = 6.926 seconds from the 
start. This gives another point on the speed-time curve, and at 
this point the change from full to tapped field is made, and 
a sudden increase in acceleration takes place. This increase in 
acceleration can best be followed by referring to the graphs 
shown in Fig. 37-B. From an acceleration rate of 1.26 m.p.h.p.s. 
with a net tractive effort of 1482 lb. on full field we reach 2327 
lb. net tractive-effort and an acceleration of 1.98 m.p.h.p.s. with 
tapped field. A study of these graphs shows the desirability 
of limiting the current swing when changing to tapped field. 
Above this point the values of tractive effort are taken from the 
tapped-field tractive-effort curve. At 15 m.p.h. the current is 
57 amp., the tractive effort 870 lb. per motor, the train resist- 
ance 275 lb. per motor and the net tractive effort 870 — 275 = 
595 lb. per motor. Therefore the rate of acceleration at 15 m.p.h. 
is 595/1178 or 0.505 m.p.h.p.s. Other points are found in the 
same manner and the curve AC is thus determined. 

Short-Guts in Making Speed-Time Curves. In order to save 
time and labor in constructing speed-time curves I make use of 
several modifications of the preceding methods and the follow- 
ing has been found especially convenient : 

By taking speed intervals of 1 m.p.h. and by assuming that 
the acceleration for any speed starts % m.p.h. below and con- 
tinuous for % m.p.h. above this speed, we can omit figuring the 
time given in the table preceding. To illustrate this let us 
take the speed of 15 m.p.h., with its corresponding acceleration 
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of 0.505 m.p.h.p.s. as found above. The slope of the speed- 
time curve through 15 m.p.h. is determined by drawing the line 
OO^f starting from and passing through the 5.05 m.p.h. point 
at 10 seconds. This corresponds to an acceleration of 0.505 
m.p.h.p.s. To plot the curve take a triangle and lay one edge 
along the line 00^^ then slide the triangle along so as to draw 
the line MN for the speed-time curve parallel to 00^^^ starting 
at 14% uLp.h. and continuing to 15% m.p.h. The slope for the 
acceleration at 16 m.p.h. starts at 15% m.p.h. and continues to 
16% m.p.h. and so the curve is constructed with short straight 
lines. This provides a very rapid as well as accurate method 
of constructing the curve. 

What Coasting and Braking Periods Mean. The speed-time 
curve as calculated so far shows the performance of the car 
while the motors are propelling it. In order to stop at a given 
point power must be shut oflf and the brakes applied. To com- 
plete the coasting and braking periods of the speed-time curve 
consider a run of 1200 ft. at a schedule speed of 11% m.p.h, 
with a 7.2 second stop. The time required to make such a run 
will be (1200X3600) / (5280 X 11.5) =71.2 seconds. This 
time includes the 7.2 second stop, so that the running time, 
not including stop, is 64 seconds. An average braking rate of 
1% m.p.h.p.s. was specified. To construct the braking part of the 
curve, start at the 64 second point on the* base line and draw a 
line through the 15 m.p.h. point at 54 seconds. The slope of 
this line will then be correct for the braking rate assumed. 
This line cuts the accelerating part of the curve at C. The 
curve OABC is the accelerating portion with power on, CE is 
the braking line and EF is the top. 

The Area Under the Speed-Time Curve Is a Measure of the 
Distance Traveled. The distance which the car travels is most 
conveniently found by measuring the area under the speed- 
time curve. To illustrate how this area is a measure of the 
distance traveled, let us consider one of the cross-section squares. 
The area of such a square is 2% m.p.h. X 5 seconds, and if the 
car could be started instantly at a speed of 2% m.p.h. and run 
for 5 seconds and then stopped instantly, the speed curve would 
be the square OGHK and the car would have traveled (2.5 X 
5280 X 5) / 3600 = 18% ft. Each of three squares, therefore, 
represents 18% ft. As the car is to travel 1200 ft., for this run 
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the area under the speed-time curve must be 1200/18% = 65.46 
squares. 

The part of the curve OAB with power on, DE the braking 
line and EF the stop, are fixed so that the only part that can 
be varied to get the correct area is the position of the coasting 
line BD. This is first drawn in a trial position and the in- 
closed area is obtained by counting the squares or measuring 
with a planimeter. If the area is found too great, the coast 
line is moved down, and if too small, the line is moved up and 
this cut and try method continued until the inclosed area is 
found to be correct. 

To determine the slope of the coasting line, take the train 
resistance for the average coasting speed and compute the rate 
of retardation from this. In Fig. 37-C, the average speed for the 
coasting line BD is 14% m.p.h., the train resistance is 275 lb. 
per motor and the rate of retardation 275/1178 = 0.23 
m.p.h.p.s., that is, 10 seconds after power has been shut oflf, the 
speed of the car will be reduced 2.3 m.p.h. This method as- 
sumes that the coasting line is straight, which is not entirely 
correct, since the train resistance varies with the speed of the 
car and the coasting line will have a slight curvature. This 
curvature is so small, however, that no serious error is intro- 
duced by assuming the coasting line as straight and the slope 
drawn to correspond with the train resistance at the average 
speed. 



OHAPTEB XXVm 

CUBRENT AND POWER CURVES SHOW RESULTS 
TO BE EXPECTED OF MOTORS 

Having determined the speed-time curve, as outlined in Chap- 
ter XXVII, the curves for current and power input are readily 
obtained. By referring to the characteristic curves of the 
motor given in connection with the previous article it is seen 
that with the same voltage the speed is always the same for any 
definite current value. With the series-parallel method of 
control, now universally used with direct-current railway 
motors, the motors are first connected in series and then in 
parallel when two-motor equipments are used. With four- 
motor equipments the most common practice is to connect 
the motors in groups with two motors permanently in parallel. 
These groups are connected first in series and then in parallel. 
With the two-motor equipment we are considering, from the 
start until the motors are connected in parallel the car current 
is equal to the current per motor, which is 90 amp., the current 
necessary to give an acceleration of 1% m.p.h.p.s. With the mo- 
tors connected in parallel, the car current will be double the 
current per motor, or 180 amp. This is shown graphically in 
Fig. 38. 

To determine the point in the speed curve at which the 
transition from series to parallel takes place, we use the relation 
between speed and terminal voltage as discussed in the article 
referred to above. This change will be found to take place at 
a speed of 4% m.p.h. 

In order to plot the part of the current curve after the start- 
ing resistance is all cut out, it is only necessary to plot the cur- 
rent value corresponding to any speed at the instant that this 
speed is reached, as shown by the speed-time curve. In the case 
we are considering the current per motor is 90 amp. up to a 
speed of 9.9 m.p.h. At 10.35 m.p.h. the current with full field 

has fallen to 80 amp. and the change to tapped field is made. 

302 
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This increases the current per motor to 120 amp. Prom this 
point on the current values corresponding to the various speeds, 
as shown in the following table, are plotted. When a speed of 
18K m.p.h, is reached power is shut off and the current falls to 



""I 



SPEED, CURRENT AND POWER CONSUMPTION 

Amperes Amperes ( Amperes )s Watts per 
I. Seconds per Motor per Car per Motor Car at 640 V. 

5 3.0 BO BO 8,100 48,600 
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180 
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97,200 


6.93 
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86,400 
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240 


14,400 


129,600 


7.29 


106 


212 


11,236 


114,480 


8.00 


88 


176 


7,744 


95,040 


8.97 


74 


148 


5,476 


79,820 


10.29 


64 


128 


4,096 


69,120 


12.01 


67 


114 


3,249 


61,660 


14.23 


62 


104 


2,704 


56,160 


17.00 


47.5 


06 


2,256 


61,300 


20.70 


44.6 


89 


1,980 


48,060 


2S.41 


42 


84 


1,764 


46,360 


31.78 


39 


78' 


1,521 


42,120 



The average current taken by the car is found by dividii^ 
the area of the car-current curve in ampere-seconds by the time 
for the run, including the duration of stop in seconds. In Pig. 
38, the graph OAGHKLMNF shows the current taken by the 
car. Each cross-section square with reference to this curve is 
equal to 20 X 214 ^= 50 amp. -see. When measured with a 
planimeter this curve was found to have an area of 55.9 squares, 



304 CAR EQUIPMENT 

hence the average current per car for this run is (55.9 X 50) 
-r- 71.2 = 39.25 amp. The average current per motor, obtained 
from the graph OABCDEF in a similar manner, is 21.5 amp. 
The heating of railway motors in service is caused by internal 
copper, iron and brush losses. These losses vary in intensity 
and in distribution with different types of motors and classes 
of service. To determine whether a motor has sufficient 
capacity for a particular service, a curve should be plotted 
from the squares of the various current values and from this 
the square-root-of-the-mean-square current should be obtained. 
This should not exceed the rated continuous current of the mo- 
tor for the average voltage found. For convenience the motor 
characteristic curves furnished by manufacturers usually give 
the continuous rating in amperes at half, three-fourths and full 
voltages. With modem self-ventilated motors this root-mean- 
square current practically determines the temperature of the 
motor, since the increased speed that goes with higher core losses 
also causes a better circulation of air through the motor and 
causes the dissipation of more heat. 

In Fig. 39-A the graph OPXYZMN has been plotted from the 
squares of the instantaneous current values. The area under 
this graph, which can be conveniently measured with a plani- 
meter, is 11.06 squares, equivalent to 110,600 (ampere) ^-sec- 
onds. The mean-square current is found by dividing this area 
in (ampere) ^-seconds by the time for the complete run, includ- 
ing the duration of stop in seconds or 110,600 -=- 71.2 = 1553. 
Then by taking the square root of this mean-square value we 
have 39.4 amp. for the square-root-of-the-mean-square current. 
The continuous current rating of this motor is 40.5 amp., so 
that we find this motor has sufficient capacity for the given 
service. The average voltage for each motor is found from the 
curve OPBSTF (Fig. 38) to be 470. The voltage curve is con- 
structed by drawing a line through R (270 volts at 3 seconds) 
and 8 (540 volts at 6.6 seconds) and then using the average line 
voltage of 540 for the remainder of the time that power is on. 
The area of this curve is 85.54 squares or 10,692.5 volt-seconds, 
which divided by 22.75 seconds, the time that power is on, gives 
470 volts as the average that is applied to each motor during 
the run. 

Gore Losses Are Determined by Tests. Fig. 39-B shows 
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graphs for the iron and core losses for this motor. These losses 
depend on both the current and the voltage. They follow no 
simple law as do the copper losses, which are proportional to the 
square of the current. 

Owing to the great mass of metal in its frame, a railway mo- 
tor has considerable heat storage capacity. When the tem- 
perature of the windings is rising that of the frame must also 
be increased, and when cooling the entire mass must cool oflf 
nearly simultaneously. The actual temperature of the different 
parts may, of course, be widely different but due to this ac- 
tion of storing heat, the temperature of the windings does not 
fluctuate rapidly in accordance with the instantaneous losses, 




40 
Seconds 

Fig. 39-A — Graphs Showing Heating Current per Motor and 

Kilowatts per Car 



but rises at a fairly uniform rate depending on the average 
value of these losses. The average core loss for any typical 
run may be obtained by plotting the curve OWXYZF as shown 
in Fig. 38, giving the core loss in the motor corresponding to 
the instantaneous values of voltage and current. To illustrate 
the method of plotting this curve, let us find the point on the 
core-loss curve at ten seconds after the start of the run. From 
the curves showing current and volts per motor it is found that 
at the ten-second point there are 66 amp. and 540 volts per 
motor. Then from the graphs. shown in Fig. 39-B, we find the 
core loss corresponding to this current and voltage to be 1020 
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watts. This value plotted at the ten-second point in Fig. 38 will 
be the desired point in the core-loss curve. The average core loss 
for the run is then obtained by dividing the area under this 
curve in watt-seconds by the total time for the run, including 
stop, or 71.2 seconds. This gives 245 watts as the average core 
loss. The power-input curve is constructed from the car-cur- 
rent curve by multiplying the various current values by the 
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average line voltage. In the table preceding, I have tabulated 
the various power values in watts corresponding to different 
current values and in Fig. 39-A the curve OBSTVVWLN shows 
this graphically. By measuring the area under this curve and 
by computing the values as described previously we find that 
0.42 kw.-hr. is taken by the car for this run. 

In considering various types of motors for operation in the 
same service with cars of the same weight, a comparison can 
be made directly from the results shown while performing the 
various typical runs representing average service requirements. 
When it is desired to compare equipments on the same cars, or 
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on cars weighing nearly the same but operating at different 
schedule speeds, such a comparison as the preceding would 
probably be misleading and unfair to the equipments under 
consideration, since the above average values are dependent 
on the speed at which the car travels. A fair basis of com- 
parison in such cases is found in the values expressed in kilo- 
watt-hours per car-mile. The present figure of 0.42 kw.-hr. 
was for a run 1200 ft. long made in 71.2 seconds, hence the 
energy input is (0.42 X 5280) -v- 1200 = 1.848 kw.-hr. per car- 
mile. 

When it is desired to compare the performance of equipments 
on cars with considerable differences in weight, the units of 
watt-hours per ton mile should be used as a basis of comparison. 
This unit takes into consideration the difference in weight as 
well as any difference in schedule speed. The weight of the 
car with equipment and load which we are considering is 23.56 
tons and (1.848 X 1000) -r- 23,56 gives 78.4 watt-hburs per ton- 
mile as the energy consumption. ; ; 

In making comparisons all the associated conditions and the 
quantities affecting them should be carefully considered and 
taken into account and a unit for comparison chosen which will 
be fair to the equipment being considered and not be mislead- 
ing as to the results that may be expected. 



OHAPTEB XXIX 

EFFEOT OF GRADES AND 0UBVE8 IN PLOTTING 

SPEED-TDOB GRAPHS 

At the beginning of this discussion on the preliminary 
calculation necessary in choosing car equipment I called at- 
tention to the fact that it is usual to assume a typical run for 
studying the various characteristics of the equipment. Differ- 
ent typical runs representing the service under consideration 
have been worked out and the procedure necessary for calculat- 



16 

IS 


















/ 


y 




19 
1^ 


















i 


/ 






1^ 

|l3 

» 12 


















/ 


/ 


f 






* 












^., 


/ 


^ 


^11 
















h 


f 


/\ 




f 


Oil 

C 
D 

JP 10 












A 


f 


/ 


4 


Q. 1 U 

s 

7 












[ / 


A 


itX\ 


¥} 












^ 




f * 


01 


V^ 


ir^ — 










M»>^ 


Ka 


k^jl^ 


y 


^ 












'5 


'Vi 


^ 1 


^ 


P< 
















r- f> 

4 




^ 


^ 


y 
































■ 








^C 


\ 


M 


\ 


a 


> 


V 





4( 


» 


s 





60 



Speed, Miles per Hour 
Fig. 40 — Graphs of Train Resistance 

A, B, and C, from Tests on the Hudson & Manhattan Railroad. D. and K, 
from Tests on the Interborough Rapid Transit Subway 

in^ and plotting {he various graphs has been described. All 
this, however, has been done for a level tangent track. There 
are times when a proper study will necessitate taking into con- 
sideration the individual runs as they are actually made with 
due regard to the curves and grades encountered. Such studies 



CAR EQUIPMENT 309 

of operation are absolutely necessary when determining the 
maximum capacity of a certain section of track, that is, the 
greatest number of cars or trains that can be operated through 
a given section per hour or during any given time interval. 

Also in laying out signals it is necessary to know the speed 
at various points and this, of course, will be aflfected by the 
grades and curves of the line. Problems of this nature are con- 
tinually occurring in the work of the operating engineer, and 
while it is not usual to go into this great detail in *choosing the 
car equipment, still a knowledge of the factors involved is es- 
sential. 

I shall describe briefly the calculations and methods most 
generally used in determining speed-time, distance-time and 
speed-distance curves when all variations of grade and curves 
are taken into consideration. As the graphs for current and 
power input are derived curves the methods already described 
for obtaining these will apply here also. 

To illustrate this I have chosen an express run from Union 
Square to Canal Street in the new Broadway subway in New 
York City, with train make up and equipment as shown in 
Table I. 

TABLE I— OPERATING CONDITIONS FOR PLOTTING SPEED-TIME 

GRAPH 

Number of cars in train 8 

Total lenfrth of train 536 ft. 

Weight of car as equipped 89,000 lb. 

Weight of passenger load per car (200 passengers at 28,000 lb. 

140 lb. each) 

Total weight of car with load 117,000 lb. 

Motor equipment, G.-E. 248-A motors per car 2 

Gear ratio 61 :22 

Diameter of wheels 32 in. 

Train resistance from tests in service (See Fig. 41, 

Curve D) 

Curve resistance per degree of curvature 0.8 lb. per ton 

Average line volts 500 

Average accelerating current per motor 290 amp. 

Average braking rate 2 m.p.h.p.8. 

The speed in miles per hour on curves is limited to the square 
root of the radius of the curve in feet, and this speed is not 
exceeded until the last car of the train is oflf the curve. This 
is the usual assumption for the safe maximum speed while 



310 CAR EQUIPMENT 

roimding curves and is limited by the elevation of the outside 
rail. Easements are considered as having a radius of twice 
that of the curve having the easement. A speed of 15 m.p.h. 
must not be exceeded by the train while taking crossovers, as 
superelevation cannot be provided at these points. 

The motors used are arranged for tapped-field control, and 
the change from full field to permanent field is made when the 
current drops to 200 amp. This takes place at a speed of 16.7 
m.p.h. The -current swing is from 200 amp. to 337 amp. and 
the tractive effort from 2870 lb. to 4750 lb. The run is made 



at the highest possible schedule speed. The amount of coasting 
and braking is limited to that necessary for slowing down the 
train' whenever short-radius curves, steep down grades or cross- 
overs make this necessary. In order to conform to actual op- 
erating conditions four seconds are allowed from the time the 
motorman drops off power and starts to apply the brakes to 
the instant that the braking rate of 2 m.p.h.p.s begins. 

Pig. 42 shows the completed speed-time, distance-time, speed- 
distance and power-input graphs for this run. The profile 
and alignment for the track are included for convenience in 



2 . 

tt >■ "^^ bi 

OB t» '"^ •♦* .*^ O 



o 

C4 



o 

CO 



»4 

0> 



<2-?1,2 



-*« O4 



i^i-iioioi>."-«o©i"^«0"-««o^ooaoo2 
iooiioo«oo&cocouj'«*Tt<cocoea'-;f-iO 

f-HOv-^i-Hi-HOOOOOOOOOPo^ 



o o 
CO 10 



a 






^^§5S 



o 



00 -^ 

10 



-Wfi 



(N "^ w^ CO ca ci 



COCO»OeO(NOOSQO '(N • • 



c^ ^ 



«8 « 



• fl g 



GOQOQOQD(MaO'^t«eOOdCD(MOO(MOTt4 
•-i(N(NWTt<'^»0l>.Q0a00&OOi-i«-H05 



bo &0 

•fH aiH _j 

PQPQ 



o "til arts 
fi S g § 



« 



aoooQO«eaoO"^i-ik^coo»(N«'^Tj< 
•-H(Mcaeo>4«-^udcDQDi>*Q0QoosadAod 



CD 
©J 



s-s •! • •« 

Lm'^OM '''^ 

<§!§! ^ 



o 



Li •""i V •P^ ai-l .i5^»F^ 'F^ .S^'l-t •!-• *^ '^ *^ •!-• •'H •l-l .1-4 'I-* ..H 'F^ ..H V^ 

^ OQ CO CQ OQ CO OQ OQ OQ OQ CJQ OQ CJQ QQ OD CQ OQ QQ QQ QQ 



10 



•> 9 






<M •«» .4^ 

^ ^ ^ 



•♦* ja ••* 

,£3 t^ 'C) 



•4d 






,4 












•+3 



•+3 






y^ .^4 •^4 •^4 -fH •^^ vr^ •^ •r^ "^ •r^ -FN -^ -rt •^ ©^^ '^^ •»-< •^^ -fH • 

^— «^ n( n^ C^ aA fl4 i^ fl4 ^ ^ (^ (^ ^ m fl4 ^ si oS a3 ^^ 



to 






•+3 -«j 









In 



03 



08 

In 



03 

In 
•+3 



03 



03 
In 



03 

In 
•+3 



o3 
u 
•+3 



c3 

In 



o3 

In 



03 
In 



03 

In 



q3 o3 q3 

In In tx 
•+3 -+3 



QcCOCOCCCaDOiCCCOCOODCOCOOOCQCOajCOCOCQ 



I 



In (U 



6 
o3 



S CDCDCDCOCDCDCOCDIOIOUSIO 

P I— ll—tf— «i-Hl-Hi-Hi-Hl-HQOQOQOdO 

P (N(NG^(M(NC4&1&1iOkOUpiO 



^ 






0) 



0) 



9i 
> 



0) 



0) 

> 






1 2^53^^^^^^^ 



S.COCOCOCOC0WC0C0 

oopooooo 



.S-g'goooooooopoooooo 

^ig PQOQOQOI>>ACOOSCOeOOQOt^kO^C<3 
lNpq-gT|(TJ<©lTjte0C0Ol(NcqQ^r-ii-lFHi-l^ 



3 

m 

^ 



" ^ ^ &A &£ &C 

2 .S .S e c fi 

Sooofc^»ot^co»OQj>oc^c<icoioo*-«j^*r;*C*S 
ci^o a>ocooicoTt<(Noa>aot-.<i©io»o 2 2'2'^'2 

g(M<M<MWC^(N<MC^<N^'-^'-«'-"«-l'-» § § g g g 

-3 OOpqpQ W 



*« ^ 
« '^ 



10 Ud to 10 o 



a> • 10 tQ 10 10 io 

S (=^Tt<(Mt«k^OOOOOOOOOOUdC4C4(N&]OI 

^ . ••»• • • • • • • • • • • • • • • • • • 



t^ b- k^ <N ei <N 
JM na (M (M (M (M 



312 



mts 



CAR EQUIPMENT 313 

determining the points at which the speed is limited and to 
assist in calculating the combined train resistance. 

How the Degree of a Curve is Determined. The values of 
railway curves are commonly expressed in terms of the central 
angle subtended by a chord 100 ft. long. Thus a 1-deg. curve 
is one such that the angle at the center end of the radius is 
1 deg. and the radius is 100 X 360 ^ 27r = 5730 ft. The radius 
in feet for any curve is therefore to 5730 -=- degrees of curva- 
ture. 

A convenient form for tabulating the various values is shown 
in Table II, which gives the figures obtained for the first part 
of the run. The speed-time graph is plotted by using these 
values as described in my previous articles. The graphical 
method of W. S. Valentine referred to in Chapter XXVII 
is a great convenience in a case such as this, and in Fig. 41 is 
shown this method as applied to the problem we are consider- 
ing. From these graphs the acceleration at any speed on any 
grade may be read direct. 

At the beginning of the run the track is straight and level 
for 250 ft. and the train accelerates at a rate of 1.57 m.p.h.p.s. 
to a speed of 14.2 m.p.h. when all resistance is cut out. The 
point A, Fig. 41, shows this speed and K the corresponding 
acceleration. From this point, A the speed is increased to 16.7 
m.p.h., point B, using the full field of the motors and the rate 
of acceleration decreases from K to L. The change to the per- 
manent field is then made and the acceleration rate increases 
to 1.55 m.p.h.p.s. as shown at M, 

The speed now increases from C to P and the acceleration 
rate decreased from M. to iV^. At this point the train reaches 
the 0.37 per cent grade and the rate of acceleration is then in- 
dicated by the line EYPV which is obtained as follows: When 
a train is operating on a grade, it is equivalent to having the 
net tractive effort decreased by the amount of the grade re- 
sistance. The amount of the grade resistance per motor in this 
case is (117,000 lb. X 0.0037) -^ 2 or 216.5 lb. This value is 
laid off to the right of the point as shown by OY, A straight 
line drawn through Y parallel to ONLMK will be the required 
acceleration graph on this grade. The train continues to in- 
crease in speed from the point D (Fig. 41) to the point E, 
which corresponds to a speed of 27.5 m.p.h. on the speed-net 
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tractive-effort curve, and the rate of acceleration decreases from 
the point J7 to the point P. 

Slowdowns Most Be Made for Short-Badius Curves. As 
the train is now approaching a 500-ft. -radius curve, the speed 

must be decreased to V^^O or 22.3 m.p.h. Power is accordingly 
shut off and the train coasts for four seconds before the brakes 
are effective. The rate of retardation while coasting is found by 
projecting the point H corresponding to 27.5 m.p.h. on the train 
resistance-speed graph to the point R on the acceleration graph. 
This rate of retardation is found to be 0.18 m.p.h.p.s. After 
four seconds the brakes are applied and the speed of the train 
decreases to 22.3 m.p.h. When the train reaches the 1 per cent 
down grade the increased tractive effort from this grade is more 
than the train resistance at that speed, so that the train would 
accelerate if the brakes were not kept applied. It is thus neces- 
sary to keep the brakes on until the rear of the train is around 
the curve. Power is then again applied and the train acceler- 
ates to a speed of 37 m.p.h. when it is again necessary to reduce 
the speed to 15 m.p.h. to take a crossover. 

In order to determine when the train reaches a certain grade 
or curve some method for determining the distance traveled 
must be used. As already pointed out in a previous article, the 
area under the speed-time graph is a measure of the distance 
traveled. The speed-time graph can be plotted and the area 
measured until it is found to be just sufficient to correspond to 
the required distance, or a distance-time graph can be plotted 
at the same time as the speed-time graph. A method of deter- 
mining the distance-time from the speed-time graph is as fol- 
lows: 

How a Distance-Time Oraph Is Plotted. The speed-time 
graph is divided into increments corresponding to a certain in- 
crease or decrease in speed. It is assumed that the average 
speed of the train during this time is equal to one-half the initial 
and final speed and the distance which the train would travel at 
this average speed in the length of time taken is computed. 
Thus referring to Fig. 42 we find that twenty-three seconds 
from the start the train has a speed of 25 m.p.h. and at twenty- 
six seconds the speed is 26 m.p.h. The average speed for these 
three seconds is 25% m.p.h. or 37.4 ft. per second. The distance 
traveled will then be 3 X 37.4 or 112.2 ft. The smaller the in- 
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crements taken the greater will be the accuracy of the calcula- 
tions. Usually the same increments can be used as are taken 
in plotting the speed-time graph, and the two graphs can then 
be carried along together. In Fig. 42 the distance-graph is 
shown constructed. 

TABLE III— DETERMINATION OF EQUIVALENT GRADE FOR A 
RUN WITH GRADES OF VARIOUS LENGTHS 



Per Cent 


Ijength of 


Rise 


Fall 


Grade 


Grade, Feet 


in Feet 


in Feet 


Level 


250 


• • • • 


• • • • 


+0.37 


680 


2.516 


■ • • • 


—1.00 


700 


• • • • 


7.000 


—0.45 


260 


■ • • • 


1,170 


+0.44 


670 


2.948 


• .• • • 


+0.26 


565 


1.469 


• • • • 


— 0.3» 


490 


• • • • 


1.862 


Level 


• 200 


• • • * 


• • • • 


—0.30 


1,120 


• • • • 


3.360 


—1.80 


1,450 


• • • * 


26,100 


Level' 


360 


* • • • 


• • • • 



Total 6,745 6.933 39.492 

(39.492 ft. — 6.933 ft.) -^ 6,745 ft. = 0.48 per cent Equivalent Grade. 

Some engineers prefer to plot a speed-distance graph as an 
aid in determining where to stop the construction of the speed- 
time curve for a given grade or curve so as to conform to the 
conditions governing operation on the new grade or curve. 
In. laying out signals a speed-distance graph is necessary since 
the spacing of the signals will depend on the distance required 
to stop the traiii from the speed at which it is traveling. Speed- 
time curves provide a method for determining the power and 
energy consumed in a given service and speed-distance curves, 
aside from their use in connecting up different portions of runs, 
also give information of particular value to the operating engi- 
neer since they show the speed at every portion of the distance. 
A speed-distance graph with distance plotted as the horizontal 
element resembles a speed-time graph in appearance, as will be 
seen by referring to Fig. 42. The straight line portions of the 
speed-time graph when the accelerating and retarding force is 
constant become parabolic curves in the speed-distance graph. 
This has led to many graphical methods being worked out for 
obtaining these curves, many of which possess considerable 
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merit. I find the method of determining distance by measur- 
ing the area under the speed-time graph the most convenient. 

How Equivalent Orade Is Determined. To illustrate how 
the uniform grade for any particular run or series of runs is 
determined I will calculate this for the particular run under 
consideration in this article. The average or equivalent grade 
for any section of track connecting two points is the ratio of 
the difference in elevation of these two points to their distance 
apart measured in the same units. The accompanying Table 
III shows a convenient method for tabulating the various steps 
of the calculation. The distance that the track rises or falls 
for each grade is computed and from this the total difference in 
elevation of the ends of the run is determined. This value 
divided by the total distance apart of the points gives the equiv- 
alent grade which is usually expressed in per cent. The use of 
the equivalent grades in plotting speed-time* curves assumes that 
the energy stored in the train as a result of down grades may be 
used to furnish the tractive effort necessary in addition to that 
supplied by the motors of the train to ascend a following up 
grade. 

The amount of energy available as a result of such grades 
will, of course, depend on the amount of braking necessary on 
the down grades to prevent excessive speeds being attained and 
will also be affected by the location of the stops or stations on 
the line with respect to the grades. 



CHAPTER XXX 

INCREASED ECONOMY RESULTS FROM CORRECT 
OPERATION OF CAR EQUIPMENT 

It is the duty of a good motor designer to determine all the 
factors of possible waste in the equipment he is designing and 
endeavor to eliminate or reduce them. The operation of the 
motors involves some losses that cannot be avoided, but all can 
be kept at a minimum by correct operation, and much energy 
can be saved by careful and efficient operators. 

The energy wasted in car operation includes the losses in the 
grid resistors, the iron and copper losses in the motors during 
acceleration and the energy absorbed in braking which is dissi- 
pated as heat in the brakeshoes and wheels. The useful energy 
is that which is used in overcoming train resistance, including 
the resistance due to grades and curves. In considering the 
means available for reducing the power necessary in operating 
a car over a definite run at a certain schedule speed, the effect of 
varying the different cycles of operation will be shown. The 
accelerating cycle which forms the first part of every run ex- 
tends from the starting of the car through the period in which it 
is brought into motion. The ultimate speed of a car depends on 
the duration of this accelerating period and the grades or curves 
encountered. The efficiency obtained during the accelerating 
period depends on the waste in energy and time that takes place. 

The aim of control designers is to provide for increasing the 
car speed at as nearly a uniform rate as possible in the shortest 
time consistent with current peaks, wheel slippage and comfort 
of the passengers. Such a consideration is quite independent 
of the manner of manipulation of the apparatus. 

The only way in which a designer can control manipulation is 
by making the apparatus automatic in its functioning. The ac- 
celerating force is a certain constant amount to which impulses 
are added as the various steps of the starting resistors are cut 
out. For any given average rate of acceleration the same 
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amount of energy is wasted in the car resistors every time the 
car is started and the controller is brought to the full parallel 
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Fig. 43-A — Influence of Various Rates of Acceleration on the 

Power Input of a Car 

Fig. 43-B — Relation Between Power Input per Car-Mile and 

Accelerating Rates in Miles per Hour per Second 
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Fig. 43-C — Effect of Various Rates of Acceleration on the 

Schedule Speed Made by a Car 
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position. This is entirely independent of the length of the run, 
the number of stops per mile, the rate of braking, or the length 
of stop. As the length of the run increases this constant rheo- 
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static loss becomes a smaller percentage of the total power used. 
It is thus on short runs that the economy of rapid acceleration is 
most apparent. As a study of the effect of different rates of ac- 
celeration on the energy input for a car operating under average 
conditions I have plotted the several graphs shown in Fig. 4:3-A, 
for rates of acceleration of %, 1, 1%, 1%, 1% and 2 m.p.h.p.s. 
The operating conditions assumed are the same as those already 
given in this series of articles, and are for a 23.56-ton car mak- 
ing a run of 620 ft. at a schedule speed of 8% m.p.h. with a 
7.2 second stop, the rate of braking being taken at 1% m.p.h.p.s. 
The results are given in Table I. 

TABLE I— COMPARISON OF ENERGY TAKEN WITH DIFFERENT 

RATES OF ACCELERATION 

Kilowatt-Hours ' 
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The diflferenee in energy saving is considerably less between 
the higher rates of acceleration than it is between the lower 
rates. For example, the saving through accelerating at 1 
m.p.h.p.s. instead of % m.p.h.p.s. is 27.8 per cent, while the 
saving through acceleration at 2 m.p.h.p.s. as against 1% 
m.p.h.p.s. is only 0.1 per cent. 

To illustrate this decreased variation the graph shown in 
Fig. 43-B has been constructed, with varying rates of acceleration 
plotted against the energy per car-mile required. It will be 
noted that there is a ''knee'' in the graph between the 1 and 1% 
m.p.h.p.s. points, and for rates higher than this difference in 
energy saving is comparatively small. 

In this particular case it appears that the economic limit of 
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acceleration is reached at about 1% m.p.h.p.s., and the small ad- 
ditional economy that results from a higher rate of acceleration 
would more than likely be offset by the increased cost of main- 
taining the equipment and the resulting decreased comfort of 
passengers. 

Referring to the graphs in Fig. 43-A we find that when accele- 
rating at the low rate of % m.p.h.p^. it is necessary to operate the 
car without coasting in order to make the schedule speed of 8% 
m.p.h. This, of course, could not be done in regular service, 
so that the average rate of acceleration must be higher than % 
m.p.h.p.s. if the desired schedule is maintained. 




20 25 
Seconds 

Fig. 44-A — Compabison of Power Input fob a Cab Operated with 
Vabious Rates of Braking. Fig. 44-B — Relation Between Poweb 
Input peb Cab-Mile and the Braking Rate in Miles peb Houb 
PEB Second 



Further Economies Besidt from Increasing Schedide Speeds 
with Bate of Acceleration. In making these comparisons of 
energy taken for various rates of acceleration, the point should 
not be lost sight of that we are considering that the cars and 
equipment have a definite service to perform. Other advantages 
of a higher rate of acceleration can be obtained by increasing 
the schedule speeds as the rate of acceleration is increased. 
This, of course, takes more power, so the saving results from 
operating fewer cars to perform the same service, and is shown 
by the decreased cost of platform expense as well as by a small 
total saving in power. 
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To show the economies that may be expected in this direction 
I have plotted the graphs shown in Fig. 43-0 for the same equip- 
ment used for the previous graphs. The rates of acceleration 
taken are 1, 1% and 2 m.p.h.p.s. and the basis for determining 
the point at which power is cut oflf is arrived at by making the 
number of seconds consumed in coasting equal to the speed in 
miles per hour at the point of cut-off. Thus, when accelerating 
at a rate of 1 m.p.h.p.s. the point of cut-off is 15.1 m.p.h. and 
the car is allowed to coast for 15.1 seconds before the brakes 
are applied. This method of making the amount of coasting in 
seconds equal to a constant times the speed in miles per hour at 
cut-off is very convenient for comparing runs of different lengths 
at different schedule speeds, and the results obtained for a con- 
tinuous run with various stops by using this method will ap- 
proximate very closely to the service obtained from a typical 
run. 

To make certain that the continuous current rating of the 
motors is not exceeded, a typical run should be laid out and the 
speed-time and power-input graphs plotted. The ratio of the 
amount of coasting in seconds to the speed at cut-off in miles 
per hour for this typical run will be the constant desired. 

Operating Cost Decreases as Acceleration Bate Increases. 
In Table II the resulting operating cost for three different rates 

TABLE II— EFFECT OF THREE RATES OF ACCELERATION ON 
SCHEDULE SPEED AND OPERATING COSTS 
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1 8.5 2.47 4,706 $3,106.96 $1,482.00 $4,587.96 

1% 8.9 2.44 4,494 2,966.04 1,464.00 4,430.04 3.5 

2 9.2 2.39 4,348 2,869.68 1,434.00 4,303.68 6.2 

of acceleration are shown for comparison. To illustrate the 
annual saving it may be assumed that each car will operate 
40,000 miles during the year, that the average platform expense 
will be 60 cents per car-hour plus 10 per cent, and that the cost 
of energy at the car will be 1% cents per kilowatt-hour. A 
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total saving of $157.92 per car per year is obtained by increas- 
ing the rate of acceleration from 1 to 1% m.p.li.p.s. and the 
schedule speed from 8.5 m.p.h. to 8.9 m.p.h. The total saving 
per car per year obtained by an increase in acceleration from 1 
to 2 m.p.h.p.s. and increasing the schedule speed of from 8.5 to 
9.2 m.p.h. is $284.28, or G.2 per cent. If we consider a single 
line 8 miles long operating a service at five-minute intervals, 
this would take twenty-four cars at a schedule speed of 8.5 
m.p.h. and twenty-two cars at 9.2 m.p.h., or a saving of two cars 
for the line. We thus see the advantages which are to be gained 
by keeping the accelerating rate up to the maximum consistent 
with the equipment operated. 

A High Braking Bate Beduces the Power Input. To illus- 
trate how the energy input varies with different braking rates, 
the graphs shown in Fig. 44-A have been plotted. These are made 
on the basis of accelerating at 1^ m.p.h.p.s. and results are 
shown for rates of retardation of 1, 1%, 1%, 1% and 2 m.p.h.p.s. 
The saving in energy is obtained by cutting oflE power sooner 
and coasting to a lower speed before applying the brakes to pro- 
duce a higher rate of retardation. 

Fig. 44-B is a graph for the various braking rates plotted 
against the energy required to make the run. As in the accele- 
rating graph. Fig. 44-B, we see that there is a **knee'' in this 
curve beyond which the energy saving is comparatively small. 
The **knee" in the retardation graph, however, is less pronounced 
than that in the accelerating graph. In actual service for sur- 
face lines it has been found that the most economical braking 
rate lies between 1% and 2% m.p.h.p.s., depending on the char- 
acteristics of the ejq[uipment and the service operated. Beyond 
this it is better to consider careful handling of the equipment 
and the comfort of passengers in preference to the slight addi- 
tional economies that result. 

With Shorter Stops Smaller Motors Can Be Used. The 
number and length of stops are two factors of prime importance 
in car operation. They determine, in a measure, not only the 
size of the motors but also the energy consumed, the schedule 
speeds obtained, the number of cars necessary for a given serv- 
ice, and the capacity of the line and power house. This is one 
of the largest fields for operating economies that can be found 
in electric railway operation to-day. In my article in the Elec- 
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trie Railway Journal of April 20, I showed how the number of 
stops affects the schedule speeds and really forms an operating 
characteristic for the selection of the motors. The duration of 
stop is determined largely by car design, by the size and type of 
doors, steps and platforms, and by the efl&ciency of the operat- 
ing crew. A very little confusion will lengthen a stop from two 
to three seconds. In the service that we are considering, with 
eight and one-half stops per mile and a run of 8 miles long, 6.8 
minutes would be lost in a round trip by increasing the average 
length of each stop three seconds. This would necessitate using 
an additional car on the line, and when the cost of the power 
used for operating this car, together with the additional cost of 
the platform wages is figured, a good idea of the effect of a few 
seconds at each stop can be obtained. 
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Ammeter, calibration of, 91 
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Boiler operation, practical demon- 
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Boiler operation, tests of, 89 
Boiler room, technical men the hope 
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Boiler, water concentration in, 97 
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present-day, 235 
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Concrete mixing machinery will save 
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Concrete poles are in process of evo- 
lution, 172 

Concrete poles cost more than wood, 
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Concrete poles, some reasons for un- 
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Condoiser data, form suggested for 
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129 

Condenser performance up to the 
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Condenser, tests for conditions in, 
86 

Condenser tube corrosion, what is 
the cure for, 119 

Condenser tubes of copper, why not 
use, 121 

Condenser tube specifications, mod- 
em, 125 

Conduit operation, electric switches 
in underground, 63 

Control, concentrating, saves weight, 
wire and conduit, 274 

Control, field, saves $100 per 35,000 
miles, 273 

Control, thermostatic, saves money, 
283 

Cooler, "muck" interferes with oil 
operation of, 115 
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304 

Cost of electric railway track, 9 
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"Deadman" is widely used, 203 
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Derails, operation of, at crossings, 
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particular reference to guying 
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83 
Devices, mechanical pole-raising, 189 
Distance-time graph, how plotted, 

314 
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and, 135 
Domestic fuel consumption, 106 
Door and step control, pneumatic, 

282 
Door location vital in subway cars, 

233 
Drainage, ample, prime requisite in 

track construction, 53 
Drill and jack, repairs pay, 41 
Drilling machines, power, save 75 

per cent over hand drilling, 19 
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Economies, effecting, arc welders im- 
portant in, 16 

Economies result from increasing 
speed schedules, 320 

Economy in man-power is essential 
in pole raising, 188 

Economy, power shovels for, 20 

Efficient plant is a specialized plant, 
76 

Electrical equipment for latest type 
cars, 276 

Electrically operated switches, pre- 
venting the freezing of, 71 

Electric railway power plant and its 
personnel, 75 
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Electric railway service, getting the 
right wood poles for, 146 

Electric railways, testing organiisa- 
tion of, 82 

Electric railway track, maintenance 
of, a big task, 5 

Electric switches in underground 
conduit operation, 63 

Electrolysis has been blamed for 
great deal of corrosion, 119 

Electrolysis theory applies with Ad- 
miralty metal also, 121 

Elimination of unnecessary weight 
is required, 251 

Energy, getting more, out of coal in 
the power plant, 104 

Engineering, good, requires elimina- 
tion of unnecessary weight, 261 

Equipment, car, 257 

Equipment, car, betterments avail- 
able in, 267 

Equipment, car, considerations in 
the choice of, 259 

Equipment, correct operation of car, 
increases economy, 317 

Equipment, general tendency in 
adoption of, 16 

Equipment, grinding, a necessity 
even on new rail, 17 

Expanded type of pole is promising, 
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Feed water analysis is not enough, 
98 

Feed water softeners have their 
place, 101 

Feed water, testing, and treating 
power plant, 96 

Filter press might be used with tur- 
bine oil, 117 

Force, inclined, splitting into hori- 
zontal and vertical components, 
221 

Forces which act upon a transmis- 
sion line, 136 

Forms used in making traffic (sur- 
veys, 286 

Foundation holes, do not neglect 
proper refilling of, 199 

Freezing of electrically-operated 
switches, preventing the, 71 
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Gages, work to be done on, 92 

Grade, how equivalent, is • deter- 
mined, 316 

Grades and curves, effect of, in plot- 
ting speed-time graphs, 308 

Graph, how distance-time, is plot- 
ted, 314 

Graphs, effect of grades and curves 
in plotting speed-time, 308 

Grinders, rail, types of, 17 

Grinding equipment a necessity even 
on new rail, 17 

Guy, where shall it be attached to 
pole? 222 

Guying, details of line construction 
with particular reference to, 
203 
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Handles, new, for old shovels, 40 
"Hardness" of water may be tem- 
porary or permanent, 102 
"Horse-sense," case of failure to ap- 
ply, 179 



Improvement of operating condi- 
tions, tests related to, 84 

Improvements suggested by the way 
engineer, 7 

Impurities, tests for, in condensate, 
86 

Impurities in water are sources of 
preventable trouble, 96 

Insulation, better, is equivalent to 
increase of motor capacity, 271 



Jack and drill repairs pay, 41 



Kerosene torches and asphalt sur- 
face heaters, 24 



Labor, poor tools cause waste of, 32 
Labor-saving methods in the way de- 
partment, 15 
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Lighting, better, with, large units, 
282 

Line construction, applying common- 
sense in, 179 

Line construction, details of, 203 

Line construction, some minor but 
important points in, 182 

Losses, core, are determined by tests, 
304 

M 

Machinery, concrete mixing, will 

save its cost, 23 
Maintenance of electric railway 

track a big task, 5 
Maintenance of way department; 

what it does, 3 
Man saver, pavement plow as a, 20 
Meadows, some, are treacherous, 193 
Mixing machinery, concrete, will 

save its cost, 23 
Motor capacity, better insulation is 

equivalent to increase of, 271 
Motor capacity theory and practice 

can be in agreement, 291 
Motor car for particular service, 

choosing a, 261 
Motor performance, speed-time 

curves show, 296 
Motor weight reduction alone can 

save $42 per car per annum, 270 
Motors, current and power curves 

show results to be expected of, 

302 
Motors, making better and lighter, 

268 
Motors, proper analysis in choosing, 

293 
Motor, smaller, can be used with 

shorter stops, 322 
"Muck" interferes with the opera- 
tion of the cooler, 116 
"Muck" is the cause of much trou- 
ble in oil, 113 
Muntz metal is very susceptible to 

salt water attack, 120 



Oil does deteriorate in service, 112 
Oil, keeping power plant, in good 

condition, 112 
Oil, "muck" is the cause of much 

trouble in, 113 



Oil "rejuvenating," after partial dis- 
integration, 116 

Oil, turbine, cannot be treated like 
engine oil, 116 

Oil, what shall be done with run- 
down, 113 

Oils become acid as they deteriorate, 
113 

One-man mangement, direct, is rare, 
76 

Operating characteristics show 
schedule speed as affected by 
stops, 289 

Operating conditions, tests related 
to improvement of, 84 

Operating troubles, where most, 
come from, 66 

Operation cost decreased as accelera- 
tion rate increases, 321 

Operation of derails at crossings, 70 

Order system prevents loss of tools, 
34 

Organization of the testing depart- 
ment, 94 

Organization varies with plant char- 
acteristics, 77 

Overhead construction, steel sup- 
ports in, 169 



Passenger cars classified for given 

conditions, 227 
Passenger comfort features can be 

improved, 239 
Passenger interchange needs, 246 
Passenger interchange, smaller con- 
trol accelerates, 276 
Passengers, making it easy for, 239 
Pavement plow as a man saver, 20 
Personnel, electric railway power 

plant and its, 76 
Picks, repairing 10,000, at six cents 

each, 41 
Pine, western yellow, good as pole 

wood, 160 
Plant characteristics, organization 

varies with, 77 
Plant, efficient, is a specialized 

plant, 76 
Plow, pavement, as a man saver, 20 
Pole and tower erection and support, 

some points in, 191 
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Pole, expanded type of, 161 
Pole holes, digging, 184 

Pole must be considered as a beam, 
139 

Pole life, "rot" is principal enemy 
of, 154 

Pole-raising devices, mechanical, 
have their place, 189 

Pole raising, economy in man-power 
is essential in, 188 

Pole support, soft ground requires 
reinforcing for, 186 

Pole, where shall guy be attached 
to, 222 

Poles, bacteria and fungi must be 
kept out of, 154 

Poles, chestnut, 149 

Poles, concrete, can be made at- 
tractive in appearance, 174 

Poles, concrete, are in process of 
evolution, 172 

Poles for electric railway service, 
. getting the right wood, 146 

Poles, hollow as well as solid, are 
available, 175 

Poles, how deep should they be set? 
188 

Poles last twelve years on average, 
146 

Poles, pine, require treating for long 
life, 150 

Poles, setting, in soft ground, 191 

Poles, "standard" tubular, 171 

Poles, winter-cut, are best, 148 

Power and current curves show re- 
sults to be expected of motors, 
302 

Power drilling machines save 75 per 
cent over hand-drilling, 19 

Power generation, 73 

Power input, high braking rate re- 
duces, 322 ' 

Power plant, electric railway, and 
its personnel, 75 

Power plant feed water, testing and 
treating, 96 

Power plant, getting more energy 
out of coal in the, 104 

Power plant oil in good condition, 
keeping, 112 

Power shovels for 50 per cent econ- 
omy, 20 



Power tampers no longer an experi- 
ment, 17 

Power transmission and distribu- 
tion, 135 



R 



Pail grinders, types of, 17 
Railway motors, choosing, 293 
Re-gearing eliminates power waste, 

271 
Relays, adjustments of, falls to the 

testing department, 92 
Resistors, proper stepping of, per- 
mits high rate of acceleration, 
238 
Revenue miles from a given car, get- 
ting more, 235 



S 



Savings attainable with present-day 
car design, 235 

Schedules, automatic acceleration 
promotes faster, 276 

Schedule speed as affected by stops, 
289 

Schedule speeds, increasing, with 
rate of acceleration, 320 

"Season cracking," cause of; 123 

Service conditions determine car 
equipment characteristics, 285 

Short-cuts in making speed-time 
curves, 299 

Shovel question will bear investiga- 
tion, 38 

Shovels, new handles for old, 40 

Shovels, power, for 50 per cent econ- 
omy, 20 

Skull-crackers and air drills for con- 
crete, 22 

Slack adjusters for safe saving, 281 

Sleet, peculiarities of, 141 

Sleet question, how geography af- 
fects the, 142 

Slowdowns must be made for short- 
radius curves, 314 

Small tool standardizing has sev- 
eral advantages, 37 * 

Some factors in maintaining high 
vacuum, 88 

Some practical points in pole and 
tower erection and support, 191 
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Special tools need special handling, 
36 

Specialized work cars beat junk, 20 

Specifications for tool steel are im- 
portant, 37 

Speed-time curve, area under, is 
measure of distance, 300 

Speed-time curves, short-cuts in 
making, 299 

Speed-time curves show motor per- 
formance for particular service, 
295 

Speed-time graphs, effect of grades 
and curves in plotting, 308 

Standard of track classification, no 
common, 8 

Station duties differentiate into 
boiler, steam and electrical, 80 

Steel reinforcement made concrete 
pole possible, 172 

Steel supports in overhead construc- 
tion, virtues and limitations of, 
159 

Steel templates are best in setting 
tower footings, 169 

Step control, pneumatic door and, 
282 

Stops, schedule speed as affected by, 
289 

Stops, with shorter, smaller motors 
can be used, 322 

Stresses on transmission lines, esti- 
mating maximum, 140 

Subsoil and its important relation to 
track construction, 47 

Subway cars, door location vital in, 
233 

Switchboard instrument measure- 
ments, insuring accuracy of, 90 

Switches, automatic track, release 
men for other work, 58 

Switches, electric, in underground 
conduit operation, 63 

Switches, preventing the freezing of 
electrically operated, 71 

Switch group of largest car weighs 
only 900 lb., 275 

Switching, automatic, at terminals, 
69 



Tabulating detailed condenser per- 
formance (form for), 129 



Technical men the hope of the boiler- 
room, 79 
Temperature is an essential element 

in the precipitation problem, 

114 
Templates, steel, are best in setting 

tower footings, 169 
Testing and treating power plant 

feed water, 96 
Testing department, adjustment of 

relays naturally falls to the, 92 
Testing department, deterioration 

tests another function of the, 

83 
Testing department, organization of 

the, 94 
Testing of water and other power 

plant elements, 85 
Testing organization of electric rail- 
ways, 82 
Tests, deterioration, function of test- 
ing department, 83 
Tests for impurities in condensate 

and of conditions in condenser, 

86 
Tests of boiler operation, 89 

Tests related to improvement of 
operating conditions, 84 

Thermostatic control saves money, 
283 

Tool conservation, tool houses and 
tool boxes help in, 44 

Tool standardization has several ad- 
vantages, 37 

Tool steel, specifications for, are im- 
portant, 37 

Tools, poor, cause waste of high- 
priced labor, 32 

Tools, simple order system prevents 
loss of, 34 

Tools, special, need special handling, 
36 

Tools used by way ' department, se- 
lecting and caring for, 32 

Tools, worn and broken, can be re- 
paired profitably, 39 

Torches, kerosene, and asphalt sur- 
face heaters, 24 

Tower and pole erection and sup- 
port, some points in, 191 

Tower footings, steel templates are 
best in making, 169 
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Tower, steps involved in putting up 
steel, 197 

Towers are usually tipped up into 
place complete, 201 

Track and structures, 2 

Track classification, no standard of, 
8 

Track construction, ample drainage 
prime requisite in, 53 

Track construction, subsoil and its 
important relation to, 47 

Track costs, electric railway, 9 

Track design, study of strength of 
materials necessary in, 48 

Track, modern, dates from begin- 
ning of electric operation, 48 

Track work, labor-saving appliances 
for use in, 28 

Traffic surveys, forms used in mak- 
ing, 286 

Transmission and distribution, 
power, 135 

Transmission line, forces which act 
upon a, 136 

Transmission lines, estimating maxi- 
mum stresses on, 140 

Treatment, special pole, needed on 
long stretches of marsh, 192 

Troubles, operating, where most 
come from, 66 

Trucks, heavy, not essential to easy 
riding, 241 

Turbine oil cannot be treated like 
engine oil, 116 

Turbine oil, filter press might be 
used with, 117 

U 

Underground conduit operation, 
electric switches in, 63 



Vacuum, high, factors in maintain- 
ing, 88 



Vacuum, economy measured by, in 
terms of intake water tempera- 
ture, 127 

Virtues and limitations of steel sup- 
ports in overhead construction, 
159 



W 



Water, circulating, must be ana- 
lyzed, 99 

Water "concentration" in the boilers 
must be kept down, 97 

Water, feed, analysis of, is not 
enough, 98 

Water, feed, softeners, 101 

Water, impurities in, are sources of 
trouble, 96 

Water, make up and circulating, 
must be analyzed, 99 

Water temperature, economy meas- 
ured by vacuum in terms of in- 
take, 127 

Water, testing and treating power 
plant feed, 101 

Water, testing of, 85 

Watt-hour meter, calibration of the, 
90 

Way department, labor saving in 
methods in, 15 

Way department, selecting and car- 
ing for hand tools used by, 32 

Way engineer, improvements sug- 
gested by, 7 

Way, maintenance of, department, 
what it does, 3 

Weight, good engineering requires 
elimination of unnecessary, 251 

Welders, arc, assume importance in 
effecting economies, 16 

Windmill tower, we owe something 
to the, 161 

Woods, some, require individual 
specifications, 156 
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